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Section 1 
Introduction 



General 

A microprocessor is essentially an integrated circuit logic 
replacement device that performs the functions of the cen- 
tral processing unit (CPU) of a computer system. The 
overall task of the microprocessor is to receive digital data 
and store it for later processing, to perform arithmetic and 
logic operations on the data in accordance with instruc- 
tions contained in a stored program, and to present the 
results of these operations to the user through some form 
of output mechanism. 

The program is a definable and non-varying specification for 
any given application. It normally resides in a read only 
memory (ROM) or program storage unit (PSU). Variable data 
that is to be operated upon by the microprocessor is nor- 
mally stored in a random access memory (RAM) or other 
transient data storage element. 

Although architectural details vary depending upon 
manufacturer and technology, a typical microprocessor 
comprises the following functional areas: 

1. Instruction decoding to interpret program 
instructions. 

2. An arithmetic and logic unit (ALU) to perform binary 
addition, subtraction, etc., and Boolean logic 
operations. 

3. Registers to temporarily store frequently manipulated 
data. 

4. Address buffers to provide the next program 
instruction address. 

5. Input/output (I/O) buffers to read information into 
or write information out of the microprocessor. 

Microprocessors are generally used in conjunction with 
support devices that perform timing, program and transient 
data memory, I/O signal interface, and other functions. A 
wide range of configurations is possible with a 
microprocessor and its related devices; each configuration 
represents a full microcomputer system. 

A single-chip microcomputer incorporates CPU, memory, 
I/O, control, and other functions into one integrated circuit. 
Typically, such devices have facilities for enhancement of 



capabilities by interconnection with external devices. 

The Fairchild Microprocessor Division product line encom- 
passes microprocessors and their support devices, single- 
and multi-chip microcomputers, and systems to emulate 
and develop hardware and software. 



Product Line 

The Microprocessor Division product line includes a wide 
range of devices to meet the specific needs of four broad 
application areas: 

1. 8-bit microprocessors 

2. 8-bit single-chip microcomputers 

3. 16-bit microprocessors 

4. Development aids 

Within these areas, the Division offers a blend of in- 
novative, state-of-the-art devices and proven, well- 
established devices. For example, the members of the 
F6800 family, and of the F8 family, can be configured to 
create a variety of 8-bit computer systems that have a wide 
range of capabilities. Similarly, the F9445 family com- 
ponents can create extremely fast 16-bit computer systems 
that are exceptionally resistant to harsh environments, and 
the F16000 family members can be used in configurations 
that are Ideally suited to communications applications. (The 
F16000 has a 16-bit I/O structure and a 32-bit 
internal architecture.) 

To the user, the Microprocessor Division line represents a 
single source of cost-effective solutions to the full 
spectrum of application problems. 

Data Book 

This data book presents a complete technical description 
of the Fairchild Microprocessor Division product line. 
Where devices have been characterized, specific informa- 
tion is presented in the form of data sheets. Information on 
partially characterized devices, and on devices currently 
under development, is in the form of advance product infor- 
mation sheets. More complete data can be obtained from 
the Product Marketing Department. 
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Section 2 
Ordering and Packaging Information 



General 

Specific ordering codes, as well as the temperature ranges 
and package types available, are included in each data 
sheet of sections 3 through 8. 

Temperature Range 

The basic temperature ranges typically available are: 

C Commercial (OX to 75 'C) 
L Automotive ( - 40X to 85 X) 
M Military (-55'C to 125X) 



Package Types and Outlines 

The basic package type of a device, such as dual-in-line 
plastic or dual-in-line ceramic, is indicated by the ordering 
code for that device. To accommodate various die sizes and 
pin numbers, different package forms exist within each 
package type. 

The package forms indicated by device ordering codes are 
illustrated in the following detailed outline drawings. 



24-Pin Ceramic Dual-ln-Line 
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NOTES: 

All dimensions are in inches bold and nnillimeters (parentheses). 

Pin material is nickel gold-plated kovar. 

Cap Is kovar. 

Base is ceramic. 

Package weight is 6.5 grams. 
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24-Pin Plastic DIP 
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28-Pin Ceramic Dual-ln-Line 



NOTES: 

All dimensions are in inches bold and nnill 
Pins are tin-plated kovar. 
Package material is plastic. 



imeters (parentheses). 




.100 (2.54) , 



NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 

Pin material is nickel gold-plated kovar. 

Cap is kovar. 

Base is ceramic. 

Package weight is 6.5 grams. 
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28-Pin Plastic Duai-in-Line 
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40-Pin Ceramic Dual-ln-Line 



NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 
Pins are tin-plated kovar. 
Package material is plastic. 
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NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 

Pin material is nickel gold-plated kovar. 

Cap is kovar. 

Base is ceramic. 

Package weight is 6.5 grams. 
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40-Pin Plastic Dual-ln-Line 
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NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 
Pins are tin-plated kovar. 
Package material is plastic. 



40-Pin Ceramic Dual-ln-Line (EPROM) 
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NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 

Pin material is nickel gold-plated kovar. 

Cap is kovar. 

Base is ceramic. 

Package weight is 6.5 grams. 
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64-Pin Ceramic Dual-ln-Line 
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NOTES: 

All dimensions are in inches bold and millimeters (parentheses). 

Pin material is nickel gold-plated kovar. 

Cap is kovar. 

Base is ceramic. 

Package weight is 6.5 grams. 



2-7 



Ordering and Packaging 
Information 



2-8 







1 INTRODUCTION 






O ORDERING AND PACKAGE 
^ INFORMATION 










■ 


1 3 |f8 MICROCOMPUTER FAMILY 




4 CONTROLLER FAMILY 










5 F6800 MICROPROCESSOR FAMILY 






e 16-BIT |3L BIPOLAR 

MICROPROCESSOR FAMILY 






7 F16000 MICROPROCESSOR FAMILY 










8 ROM PRODUCTS 






Q DEVELOPMENT SYSTEMS AND 
^ SOFTWARE 






1 APPLICATIONS 










1 1 RESOURCE AND TRAINING CENTERS 






-| 2 SALES OFFICES 









Section 3 
F8 Microcomputer Famiiy 



General 

The distribution of logic among the various elements of a 
microcomputer system is one of the most variable features 
of such systems. The traditional division of logic cor- 
responds to the requirements of a computer; e.g., one 
device serving as CPU, one as mefnory, and one as I/O. In 
the F8 microcomputer family, logic is implemented in 
devices in terms of application complexity rather than in 
terms of computer function. Thus, for example, two F8 
devices implement all of the basic functions of a small 
microcomputer. 

To accomplish this, the design of the FB family includes a 
number of non-traditional function assignment features: 

1. A small amount of RAM is implemented within the 
CPU as a scratchpad memory. 

2. Memory addressing logic is implemented in the 
memory devices rather than in the CPU. 

3. The I/O ports are implemented in the CPU and 
memory devices rather than in discrete I/O devices. 

Every F8 configuration must contain an F3850 CPU, at least 
one F3851 Program Storage Unit (PSU) or memory interface 
device, and standard ROM or PROM (see figure 3-1). The 
memory-oriented devices may be used singly or together in 
the same system; when necessary, multiple units of the 
same type may be used. For example, an F3850 and two 
F3851S may comprise a system requiring 2K words of ROM, 
64 bytes of RAM, and six I/O ports. 

Memory Interface Devices 

When required by the application, the F3851 PSU may be 
replaced by an F3852 Dynamic Memory Interface (DMI) or 
F3853 Static Memory Interface (SMI). Both of these devices 
interpret control signals output by the F3850 and generate 
the standard address and control signals required by 
off-the-shelf dynamic and static memory devices. 

The F3854 Direct Memory Interface (DMA) device is used in 



conjunction with the F3852 DMI. It generates the address 
and control signals needed to perform data transfers bet- 
ween memory and external logic. These transfers occur in 
parallel with normal operation within the F8 system. 

Input/Output Devices 

Applications that require additional I/O and interrupt 
capabilities but do not require the PSU storage capacity 
can make use of the F3861 Peripheral Input/Output (PIO) 
device. The PIO, which also contains interrupt logic and a 
programmable timer, interprets CPU control signals to drive 
two 8-bit I/O ports. 

Bus Structure 

The F8 microcomputer components are interconnected by 
means of a system bus structure that is composed of the 
following elements: 

1 . Eight data bus lines (DBq - DBy) 

2. Five control lines (ROMCq - ROMC4) 

3. Two clock lines (0, WRITE) 

4. Three interrupt lines (PRI IN, PRI OUT, INT REQ) 

Instruction Set 

The instruction set of a microprocessor or microcomputer 
is the software tool used to shape the device or system for 
a particular application. The F8 instruction set is divided 
into four functional groups: 

1. Input/Output 

2. Arithmetic/Logical 

3. Address Register Control 

4. Indirect Scratchpad Address Register (ISAR) and 
Status Control 

The F8 instruction set is presented in table 3-1. 
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Table 3-1 F8 Instruction Set 



Instruction Description 



Instruction Description 



ADC Add Accumulator to Data Counter 

Al Add Immediate to Accumulator 

AM Add (Binary) Memory to Accumulator 

AMD Add (Decimal) Memory to Accumulator 

AS Add (Binary) Scratchpad Memory 

to Accumulator 
ASD Add (Decimal) Scratchpad Memory 

to Accumulator 



BC 


Branch on Carry 


BF 


Branch on false 


BM 


Branch on Negative 


BNC 


Branch if No Carry 


BNO 


Branch if No Overflow 


BNZ 


Branch if Not Zero 


BP 


Branch if Positive 


BR 


Unconditional Branch 


BR7 


Branch on ISAR 


BT 


Branch on True 


BZ 


Branch on Zero 


CI 


Compare Immediate 


CLR 


Clear Accumulator 


COM 


Complement 


DCI 


Load Data Counter Imm 


Dl 


Disable Interrupt 


DS 


Dessement Scratchpad 


El 


Enable Interrupt 


IN 


Input Long Address 


INC 


Increment Accumulator 


INS 


Input Short Address 



JMP Branch Immediate 

LI Load Immediate 

LIS Load Immediate Short 

LISL Load Lower Octal Digit of ISAR 

LISU Load Upper Octal Digit of ISAR 

LM Load Accumulator from Memory 

LNK Link Carry to Accumulator 

LR Load Register 

Nl AND Immediate 

NM Logical AND from Memory 

NOP No Operation 

NS Logical AND from Scratchpad Memory 

01 OR Immediate 

OM Logical OR from Memory 

OUT Output Long Address 

OUTS Output Short Address 

PI Call to Subroutine Immediate 

PK Call to Subroutine Direct and Return from 

Subroutine Direct 

POP Return from Subroutine 

SL Shift Left 

SR Shift Right 

ST Store to Memory 

XDC Exchange Data Counters 

XI Ekxclusive-OR Immediate 

XM Exclusive-OR from Memory 

XS Exclusive-OR from Scratchpad Memory 
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Descriptions 

Following is data that describes the members of the F8 
microcomputer system family. 



F8 FAMILY ORGANIZATION 



F3850 

CENTRAL PROCESSING 

UNIT 



F3851 
PROGRAM 
STORAGE UNIT 



F3853 

STATIC MEMORY 

INTERFACE 



F3856 
PROGRAM 
STORAGE UNIT 



F3861 

PERIPHERAL 

INPUT/OUTPUT 



F3852 

DYNAMIC MEMORY 

INTERFACE 



F3854 

DIRECT MEMORY 

ACCESS CONTROLLER 



F38T56 
PROGRAM 
STORAGE UNIT 



F3871 

PERIPHERAL 

INPUT/OUTPUT 
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F3850 

Central Processing Unit (CPU) 



Microprocessor Product 



Description 

The Fairchild F3850 is the Central Processing Unit (CPU) for 
the F8 8-Bit Microprocessor family. The F3850 contains more 
than 70 instructions in its instruction set and operates on 8-bit 
units of information. 

• N-channel Isoplanar IMOS Technology 

• 2 /us Cycle Time 

• 64-Byte Scratchpad on the CPU Chip 

• IWo Bidirectional, 8-Bit I/O Ports, with Output Latches 



• 8-Bit Arithmetic and Logic Unit, Supporting Both Binary and 
Decimal Arithmetic 

• Interrupt Control Logic 

• Power-on Reset Logic 

• Clock Generation Logic Within the CPU Chip, With Crystal 
and External Clock Generation 

• More Than 70 Instructions 

• +5 V and +12 V Power Supplies 

• Low Power Dissipation (IVpically Less Than 330 mW) 



Signal Functions 



Connection Diagram 
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Device Organization 

The logical organization and pins for the F3850 CPU are 
illustrated in F/gt/re 1 

Arithmetic and Logic Unit 

The arithmetic and logic unit (ALU) provides all data manipulating 
logic for the F3860. It contains logic that operates on a single 8-bit 
source data word or combines two 8-bit words of source data to 
generate a single 8-bit result. Additionalinformation is reported in 
status flags, where appropriate. 



The contents of the instruction register are decoded by control 
unit logic, which generates signals to enable specific sequences 
of logic operations within the CPU chip. In response to the con- 
tents of the instruction register, the control unit also generates 
five signals, ROMCq through ROMC4, that control operations 
throughout the microprocessor system. 

Accumuiator 

The accumulator is a general-purpose 8-bit data register* 
which is the most common data source and results destination 
for the ALU. 



Operations performed on two units of source data include addition, 
compare, and the Boolean operations (AND, OR, Exclusive-OR). 
The two sources are input to the ALU through the left and right 
multiplexer buses; the result is placed on the result bus. 



Scratchpad and iSAR 

The scratchpad provides 64 8-bit registers that may be used 
as general-purpose RAM memory (see Figure 2). 



Operations performed on a single 8-bit unit of source data include 
complement, increment, decrement, shift right, shift left, and clear. 
The source is input to the ALU through either the left or right multi- 
plexer bus; the result is placed on the result bus. 

Instruction Register 

The CPU contains registers for storing various types of data. 
The instruction register holds an 8-bit code, which defines the 
operations to be performed by the CPU. 



Figure 2 F8 Programming l\/lodei 
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Figure 1 F3850 CPU Logical Organization 
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The indirect scratchpad address register (ISAR) is a 6-bit register 
used to address the 64 scratchpad registers. 



i.e., the ISAR is assumed to hold the address of the scratchpad 
byte that is to be referenced. 



The first 16 scratchpad bytes can be identified either by instruc- 
tions without using the ISAR or referenced through the ISAR. 
The remaining scratchpad bytes are referenced through the ISAR; 



The ISAR may be visualized as holding two octal digits. HI and LO, 
as illustrated In Figure 3. This division of the ISAR is important, 
since a number of instructions increment or decrement the con- 



Figure 3 ISAR Register 
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tents of the ISAR, when referencing scratchpad bytes through the 
ISAR. This makes it easy to reference a buffer consisting of con- 
tiguous scratchpad bytes. However, only the low-order octal digit 
(LO) is incremented or decremented; thus ISAR is incremented 
from 0'27'* to O'20', not to O'30'. Similarly, ISAR is decremented 
from O'20' to 0'27', not to 0'17'. This feature of the ISAR is very 
useful in that it greatly simplifies many program sequences. 

Selected scratchpad registers are reserved for direct communi- 
cation with other registers within the F8 system, as illustrated in 
Figure 4. 

Scratchpad register 9 (0'11 ') is used as temporary storage for 
the CPU status register (W register). Scratchpad registers 10 
through 15 (0'12' through 0'17') communicate directly with data 

*The notation O'nn' represents an octal number. 



and program memory address registers that are maintained on 
the F3851, F3852, and F3853 chips. Figure 4 identifies the data 
transfers that can be implemented by executing a single F8 
instruction. For example, the illustration: 

W register of F3850 CPU - J 

means that a single instruction can move the contents of the W 
(or status) register to scratchpad register 9 (J register). Another 
single instruction can move data in the opposite direction. 

Status Registers 

The status ( W) register holds five status flags. Tabie 1 summarizes 
the way each flag is used. Note that status flags are selectively 
modified following execution of different instructions. See the 
"Instruction Execution" section for a discussion of the way 
individual F8 instructions modify status flags. 



Figure 4 F3850 CPU Scratclipad Registers 
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STATUS REGISTER (W) 



1_ 



INTERRUPT MASTER 
ENABLE 



Overflow (O Bit)— When the results of an ALU operation are 
being interpreted as a signed binary number, since the high-order 
bit (bit 7) represents the sign of the number, some method must 
be provided for indicating a carry out of the highest numeric bit 
(bit 6). This is done using the O bit. After arithmetic operations, 
the O bit is set to the Exclusive-OR of a carry out of bits 6 and 7 
The simplification of signed binary arithmetic is described in the 
F8 and F3870 Guide to Programming; examples are presented 
below: 



Accumulator contents: 

Value added: 

Sum: 



76543210 - 
1011001 1 
01 110001 
11 100100 



Bit Number 



Sign (S Bit)— When the results of an ALU operation are being 
interpreted as a signed binary number, the high-order bit (bit 7) 
represents the sign of the number. At the conclusion of instruc- 
tions that may modify the accumulator bit 7, the S bit is set to 
the complement of the accumulator bit 7 



Table 1 Summary of Status Bits 

OVERFLOW = CARRYy + CARRYe 

ZERO = ALU7 ALUs ALUs ALU4 ALU3 ALU2 ALUi 

ALUo 
CARRY = CARRY7 

SIGN = ALU7 



Carry (C Bit)— The C bit may be visualized as an extension of an 
8-bit data unit; i.e., the ninth of a 9-blt data unit. When two bytes 
are added, and the sum is greater than 255, then the carry out of 
the high-order bit appears in the bit; e.g.: 



There is a carry out of bit 6 and a carry out of bit 7, so the O bit is 
reset to (1 © 1 = 0). The C bit is set to 1 . 



Accumulator contents: 

Value added: 

Sum: 



C76543210 - 
01 100101 
Oil 10110 

11011011 



Bit Number 



There is no carry, so is reset to 0. 

76543210 - BitNumber 
Accumulator contents: 10011101 
Value added: 1 1010001 
Sum: 101101110 
There is a carry, so C is set to 1. 

Zero (Z bit)— The Z bit is set whenever an arithmetic or logical 
operation generates a zero result. The Z bit is reset to when an 
arithmetic or logical operation could have generated a zero result 
but did not. 



Accumulator contents: 

Value added: 

Sum: 



76543210 - 
01 100111 
00100100 
10001011 



Bit Number 



There is a carry out of bit 6, but no carry out of bit 7; the O bit is 
set to 1 (100=1). The bit is reset to 0. 



interrupts (ICB Bit)— External logic can alter program execution 
sequence within the CPU by interrupting ongoing operations. 
However, interrupts are allowed only when the ICB is set to 1; 
interrupts are disallowed when the ICB is reset to 0. 

Control Unit 

The control unit decodes the contents of the instruction register 
and generates two sets of control signals. These signals are 
transparent to the user. 

Five control signals (ROMCq through ROMC4) are output by 
the control unit to identify operations that other chips of the F8 
family must perform. These signals are described in the "ROMC 
Signals" section. 

Interrupt Logic 

This logic handles the interrupt requests. For a complete 
description refer to the "Interrupt" discussion within the 
"Instruction Execution" section. 

Power on Detect 



When the External Reset (EXT RES) signal is pulled low and then 
returned high, or when power is turned on, the power on detect 
logic sets the PC registers to 0, causing a program originating at 
memory location to be executed. Also, the interrupt control 
status bit is set low, inhibiting interrup t acknow ledgement. The 
system is locked in an idle state while EXT RES is held low. 
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Signal Descriptions 

The F3850 input and output signals are described in Table 2. 



Table 2 F3850 Signal Descriptions 





Pin No. 


Name 


Description 


Clock 








<f> 
WRITE 


1 
2 


Clock 
Write 


These output signals drive all other devices in the F8 family. 


XTLX 


39 


Crystal Clock 


The XTLX output signal is used when generating the system clock 
in the crystal mode (with the XTLY and XTLZ signals). 


XTLY 


38 


External Clock 


The XTLY input signal is used with the XTLX signal when 
generating the system clock in the crystal mode, and is also used 
for operating in the external clock mode. 


XTLZ 


40 


Crystal Clock 


This input signal must be grounded for crystal clock or 
external clock. 


I/O Port 








I/Oo(rl/Oo7 


16.11,10,5,36,31,30,25 


I/O Port Zero 


These bidirectional signals are ports through which the CPU 
communicates with logic external to the microprocessor system. 


I/O10-I/O17 


14,13,8,7,34,33,28,27 


I/O Port One 




Intentipt 








ICB 


22 
23 


Interrupt Control 
Bit 

Interrupt Request 


The ICB output signal indicates whether or not the CPU is 
currently ignoring the INT REQ line. If the ICB signal is low, the 
CPU responds to interrupt requests; if the ICB signal is high, the 
CPU ignores interrupt requests. 


INTREQ 
Control 


This input line is used to signal the CPU that an interrupt is being 
requested.The F3851 PSU, F3861 and F3871 PIOs, and F3853 SMI 
devices contain logic to initiate interrupt requests by pulling the 
INT REQ signal low. The CPU acknowledges interrupt requests 
by outputting the appropriate ROMC signals. 


ROMCo- 
ROMC4 


17—21 


Control 


The ROMC output signals control logic operations for other 
devices in the F8 family. These signals assume a state early in 
each machine cycle and hold that state for the duration of the 
cycle. Refer to the "Instruction Execution" section for further 
discussion and a summary table of the ROMC interpretation by 
CPU logic. 
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Table 2 F3850 Signal Descriptions (Continued) 



Mnemonic 


Pin No. 


Name 




Reset 








EXT RES 


37 


External Reset 


This input signal can be used to externally reset the system. 
When the line is pulled low, a program originating at memory 
address is executed . 


Data Bus 








DBo-DBy 
Power 


15,12,9,6,35,32,29,26 


Data Bus 


These eight bidirectional signals are data bus lines that link the 
F3850 CPU with all other F8 devices in the system. They are 
multiplexed lines used to transfer data and addresses. 


Vdd 
Vgg 
Vss 


3 
4 
24 


Power Supply 
Power Supply 
Ground 


Nominal +5 Vdc 

Nominal +12 Vdc 

Common power and signal return 



Clock Circuits 



used in this mode of clock generation are summarized as: 



A unique feature of the F8 microprocessor is that clock logic 
forms an integral part of the F3850 CPU chip. The F3850 CPU 
offers two methods of generating a system clock: crystal mode 
and external mode. 

Crystal IVIode 

Figure 5 shows the pin configuration for clock generation using 
the crystal mode. A crystal in the 1 - to 2-MHz range is placed 
across the XTLX and XTLY pins, along with two capacitors (C-i 
and C2), to provide a highly precise clock frequency. The external 
crystal (and capacitors) together with internal circuitry combine to 
form a parallel resonant crystal oscillator Capacitors Ci and C2 
should be approximately 15 pR The characteristics of the crystal 



Frequency: 1 to 2 MHz, typical AT cut 
Mode of Oscillation: Fundamental 
Operating Temp. Range: 0° C to +70° C 
Drive Level: 10 mW 

Frequency Tolerance: fo = 1 or 2 MHz ±1000 ppm @ Cl 
= 20pF 

External Mode 

For F8 applications where synchronization with an external sys- 
tem clock is desired, the external clock mode may be used as 
shown in Figure 6. For example, a slave F3850 CPU may receive 
its timing from a master F3850 CPU by having the master output 
drive the slave XTLY input. 



Figure 5 Crystal Mode Clock Generation 



Figure 6 External Mode Clock Generation 
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Figure 7 illustrates the timing characteristics of the clock 
signal needed for external mode clock generation and the 
timing characteristics of the <l> and WRITE signals generated 
by the CPU 

Timing Signai Outputs 

In response to the three clock mode inputs, the F3850 CPU 
outputs two timing signals: clock signal tf) and instruction cycle 
control signal WRITE. As shown in Figure 7, <i> is the signal used 
to synchronize the entire microprocessor system. The WRITE 
signal defines the duration of each machine cycle. Refer to the 
"Instruction Execution" section. Parameters and specifications for 
the timing signals are detailed In the "Timing Characteristics" 
section. 

instruction Execution 

The F3850 CPU logic controls Instruction execution through 
the <t> and WRITE timing signals, plus the five ROMC control 
lines. Devices external to the F3850 CPU must respond directly 
to these signals. 

instruction Cycle 

All instructions are executed in cycles that are timed by the trailing 
edge of WRITE. 

There are two types of instruction cycle: the short cycle, which is 
four0 periods long, and the long cycle, which is six <^ periods long. 
The long cycle is sometimes referred to as 1.5 cycles. Figure 7 
illustrates the short cycle (PWs) and the long cycle (PWl). Note 
that WRITE high appears only at the end of an instruction cycle. 

The simplest instructions of the FB instruction set execute in one 
short cycle. The most complex instruction (PI) requires two short 
cycles plus three long cycles. 



ROMC Signals 

The CPU logic uses the five ROMC signals to identify operations 
that devices must perform during any instruction cycle. The 32 
possible ROMC states are described in the "ROMC Signal 
Functions" section. The state of the ROMC signals and the 
operation they identify last through one instruction cycle. 

The general distribution of logic among devices of the F8 family 
and general data movements associated with instruction execution 
are given in the F8 and F3870 Guide to Programming. 

Memory addressing logic is located on the F3851 Program 
Storage Unit (PSU), the F3852 Dynamic Memory Interface 
(DMI), and the F3853 Static Memory Interface (SMI) devices. 
Each of these devices contains registers to address programs 
(PCO and PC1) or data (DCO or DC1). The F3851 PSU does 
not have a DC1 register. 

Unlike other microprocessors, the F3850 CPU does not output 
addresses at the start of memory access sequences; a simple 
command to access the memory location addressed by PCO or 
DCO is sufficient, since the device receiving the memory access 
command contains PCO and DCO registers. (The PC1 and DC1 
are buffer registers for PCO and DCO.) 

Moving memory addressing logic from the CPU to memory 
(and memory Interface) devices simplifies CPU logic; however, it 
creates the potential for devices to compete when responding to 
memory access commands. 

There will be as many PCO and DCO registers in a microcomputer 
system as there are PSU, DMI, and SMI devices; the ambiguity 
of which unit will respond to a memory read or write command is 
resolved by ensuring that all PCO and DCO registers contain the 
same information at all times. Every PSU, DMI, and SMI device 



Figure 7 Clocic Generation Timing Signals 
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has a unique address space, i.e., a unique block of memory 
addresses within which it responds to memory access 
commands. 

For example, an F3851 PSU may have an address space of 
H'OOOO' through H'03FF'; an F3852 DM! may have an address 
space of H'0400' through H'07FF'. If a microcomputer system has 
these two memory devices and no others, then the F3851 PSU 
will respond to memory access commands when the PCO or DCO 
registers (whichever are identified as the address source) contain 
a value between H'OOOO' and H'03FF'; the F3852 DMI will 
respond to addresses in the range H'0400' through H'07FF'. No 
device will respond to addresses beyond H'07FF', even though 
such addresses may exist in PCO and/or DCO. 

Each device compares its address space with the contents of PCO 
and DCO, whichever is identified as the address source, and only 
responds to a memory access command if the contents of PCO or 
DCO is within the device's address space. 

If all memory address registers (PCO, PC1, DCO, and DC1) are to 
contain the same information, then ROMC states that require any 
of these registers' contents to be modified must be acted upon by 
all devices containing any of these four registers. If devices are 
not to compete when an ROMC state specifies that a memory 
access must be performed, then only a device whose address 
space includes the identified memory address must respond to 
the ROMC state. 



As referenced in the "ROMC Signal Functions" section, each 
ROMC state is identified by individual signal line states (1 for 
high, for low), and by a two-digit hexadecimal code. The 
hexadecimal code is used to identify ROMC states throughout 
this data sheet. Also given in the "ROMC Signal Functions" section 
is the instruction cycle length (short or long) implied by each code, 
plus the way in which codes must be interpreted by the other 
F8 devices. 

Instruction Execution Sequence 

Every instruction execution sequence ends with an instruction 
code being fetched from memory to identify the next instruction 
cycle. The instruction code is loaded into the CPU instruction 
register, out of which it is decoded by the CPU control unit logic. 
An instruction fetch is executed during the last instruction cycle 
of the previous instruction, as illustrated in Figure 9. 

There is a group of F8 instructions that cause operations to occur 
entirely within the F3850 CPU. These instructions do not use the 
data bus, therefore can execute in one cycle. Since one-cycle in- 
structions do not use the data bus, no ROMC state needs to be 
generated for the one-cycle instruction being executed; therefore, 
as illustrated in Figure 9, ROMC state is specified, causing the 
instruction fetch of the next instruction. 

Multi-cycle instructions must end with a cycle that does not use 
the data bus; ROMC state is specified at the beginning of this 
last instruction cycle, causing the next instruction to be fetched. 




As illustrated in Figure 8, the five ROMC signals that define the 
ROMC state are output early in the instruction cycle and are main- 
tained stable for the duration of the instruction cycle; i.e., only one 
ROMC state can be specified per instruction cycle. Therefore, 
devices can only be called upon to perform one instruction execu- 
tion related operation per one instruction cycle. 



Following an instruction fetch, CPU logic decodes the fetched 
instruction code and executes the specified instruction. There 
are Five types of instruction cycles that can follow. 

1. Operations may all be internal to the CPU. This will be the last 
or the only cycle for an instruction, and will specify ROMC 
state 0, as illustrated in Figure 9. 



Figure 8 ROMC Timing Signals Output by F3850 CPU 
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Figure 9A Short Cycle Instruction Fetch 
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Figure 9B Long Cycle Instruction Fetch (During DS Only) 
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2. Data may be transferred between the F3850 CPU and 
memory devices. See the "Referencing IVIemory" section. 

3. Data may be transferred from one memory device to all 
memory devices. The CPU is not the transmitter or the 
receiver of data in this transfer. See the "Memory-to-Memory 
Data Transfers" section. 

4. Data may be transferred to or from an I/O port, as described 
in the "Input/Output Interfacing" section. 

5. An interrupt may be acknowledged, as described in the 
"Interrupts" section. 

Every F8 instruction is executed as one, or a sequence of, 
standard instruction cycles. Timing for the standard instruction 
cycles is illustrated in Figures 9, 10, 11 and 12 



Refer to the "Instruction Cycle Execution and Timing" section for 
a list of the instruction cycles and their associated ROMC state. 

Referencing Memory 

Memory may be referenced during an instruction cycle either to 
transfer the data from the CPU to a memory word or to transfer 
data from a memory word to the CPU. A memory reference 
occurs as shown in Figure 10. 

If data is being output by the CPU, then the delay before data out- 
put is stable will be tdbi when data comes from the accumulator; 
the instruction cycle will be long. The delay before data output is 
stable will be tdb2 when data comes from the scratchpad; the 
instruction cycle in this case will also be long. 




Figure 10 l\/lemory Reference Timing 
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(1 ) Timing for CPU outputting data onto the data bus. 

Delay tdb-, is the delay when data is coming from the accumulator. 

Delay tdb2 is the delay when data is coming from the scratchpad (or from a 
memory device). 

Delay tdbo 's the delay for the CPU to stop driving the data bus. 
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DATA STABLE 



- tdbe - 



X 



DATA STABLE 



(2) There are four possible cases when inputting data to the CPU, via the data bus 
lines which depend on the data path and the destination in the CPU, as follows: 

tdbs: Destination — IR (instruction Fetch) 

tdb4: Destination — Accumulator (with ALU operation — AM) 

tdbs: Destination — Scratchpad (LR K,P etc.) 

tdbs: Destination — Accumulator (no ALU operation — LM) 

In each case a stable data hold time of 50 ns from the WRITE reference point 
is required. 
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(1 ) This represents the timing for data at the I/O pin during the execution of the (2) This represents the timing for data being output by the CPU at the I/O pin. 

INS instruction, I.e., the CPU is inputting. 



Figure 12 Interrtjpt Signals Timing 
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(1 ) The ICB signal will go from a 1 to a following the execution of the E1 instruc- 
tion and will go from a to a 1 following either the execution of the D1 instruc- 
tion or the CPU's acknowledgement of an interrupt. 



(2) This is an input to the CPU chip and is generated by a PSU or F3853 M1 chip 
The open drain outputs of these chips are all wire— ANDed together on this 
line with the pull-up being located on the CPU chip. For a to 1 transition the 
delay Is measured to 2.0 V. 
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If data is being input to the CPU, then the delay before incoming 
data must be stable depends on the destination of the data, as 
illustrated in Figure 10. 



I/O port pin is a "wire-AND" structure between an internal latch 
and an external signal, if any. The latch is always loaded directly 
from the accumulator. 



The type of data transfer is identified by the ROMC state that is 
output at the beginning of the instruction cycle. 

The instruction fetch may also be viewed as a memory reference 
operation where the destination is the instruction register. Timing 
for this case is illustrated in Figure 9. 

Memory-to-Memory Data Transfers 

In response to appropriate ROMC states, data can be trans- 
ferred from one memory device to all memory devices during 
one instruction cycle. For example, data can be transferred 
from a memory byte within (or controlled by) one memory 
device, to one byte of an address register (PCO or DCO) within 
all memory devices. 

Three ROMC states (C, E, and 11) specify operations of this type, 
and Figure 10 illustrates timing for the data transfer. 
In Figure 10, tdb2 is the delay until data from memory or a 
memory address register is stable on the data bus. 

Input/Output Interfacing 

Programmed I/O in the F8 microcomputer system is influenced 
by the design of the I/O port pins. As illustrated in Figure 13, each 



Each F8 I/O pin can be set high or low under program control. 
If a 1 (high) is presented at the latch, then gate (b) turns on and 
gate (a) turns off, so that P is at Vgs (low). If a (low) is presented 
at the latch, then gate (a) turns on and gate (b) turns off, so that P 
isatVDD(high). 

When outputting data through an I/O port, the pin can be 
connected directly to a TTL gate input ("TTL Device Input" 
in Figure 13). Data is input to the pin from a "TTL Device 
Output" in Figure 13. 

In normal operation, high or low levels at P drive the external 
TTL device input transistor (d). If a low level is set at P, transistor 
(d) conducts current through the path J, 1, R and FET(b). This is 
transferred as a low level to the rest of the circuits in the TTL 
device and results in a high or low level at the output of the 
device, depending on its characteristics. If the level at P is set 
high, transistor (d) does not conduct current, and a high level is 
transferred by (d). 

When data is input to the I/O pin, high or low levels at drive the 
hysteresis circuit in the port and result in logic ones or zeros being 
transferred to the accumulator 




Figure 13 F8 I/O Port Bit 
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Since the I/O pin and the TTL device output at are wire-ANDed, 
it is possible for the state of one to affect the transfer of data out 
from the I/O pin or in from the TTL device output. For example, if 
the latch in the I/O port is set so that the pin is clamped low by 
(b), then the level at cannot pull P high. Conversely, if P is 
clamped to a low level by (c), setting the latch for a high level 
has no effect. 

All I/O port bits should be set for a high level, before data input, to 
prevent incoming logic zeros from being "masked" by logic ones 
present at the port from previous outputs. In some instances, the 
ability to mask bits of a port to logic 1 is useful. (Note that logic 1 
becomes a V electrical level at the I/O pin; logic corresponds 
to a high electrical level.) 

The F8 CPU cari execute two types of programmed I/O 
operation: 

1) I/O Via the two CPU ports (0 and 1) 

2) I/O via ports on the other devices 

Input/Output operations that use the two CPU I/O ports execute 
in two instruction cycles. During the first cycle, the fetched 
instruction is decoded; the data bus is unused. In this cycle data 
is either sent from the accumulator to the I/O latch or enabled 
from the I/O pin to the accumulator, depending on whether the 
instruction is an output or an input. At the falling edge of the 
WRITE signal (marking the end of the first cycle and beginning of 
the second cycle), the data is strobed into either the latch (OUTS) 
or the accumulator (INS), respectively. The second cycle is then 
used by the CPU for its next instruction fetch. Figure 11 illustrates 
I/O timing. 

Note that for the data input (INS) the setup and hold times 
specified are with respect to the WRITE pulse occurring at the 
end of the first cycle in the two-cycle instruction. For output data 
(OUTS) the delay is specified with respect to the falling edge 
of the WRITE signal marking the beginning of the second cycle in 
the two-cycle instruction. 

Input/Output instructions that address I/O ports with an I/O port 
address greater than H'OF' occupy two bytes; the first byte 
specifies an IN or OUT instruction, while the second byte 
provides the I/O port address. Required timing at I/O port pins is 
given in the section of this data sheet that describes the device 
containing the addressed I/O port. 

Intermpts 

There are three CPU signals with interrupt processing; timing 
for all signals is illustrated in Figure 12. 

An interrupt sequence is initiated by pulling either th elNTREQ 
signal or the EXT RES signal low. Ijrthe case of the INT REQ 
signal nothing happens unless the ICB signal is low. Also, 



nothing happens until the next interrup table instru ction comes to 
the end of execution. In the case of the EXT RES signal, 
execution of the interrupt routine begins in the machine cycle 
immediately following that in which the signal goes low, pro- 
vided Jhat the setup time specif led in F/gtvre 12 has been met. The 
EXT RES signal response logic ignores the ICB signal. 

In response to the INT REQ signal being low , when the CPU 
acknowledges the interrupt, it forces the ICB signal high and 
initiates instruction cycles with ROMC states 10, OF, 13, and 00, in 
that order This causes program execution to branch to the inter- 
rupting device's address vector 

In response to the EXT RES signal being low, when the CPU 
acknowledges the interrupt, it forces the ICB signal high, then 
initiates instruction cycles with ROMC states 10, 08, and 00, in 
that order This causes program execution to branch to memory 
location 0. 

The iCB signal is pulled low by the El instruction and is returned 
high by the D1 instruction. 

Instruction Set Summary 

The F3850 CPU instruction set is summarized in Table 3. This sec- 
tion does not attempt to give complete directions for programming 
the F8 microcomputer system; it explains signals and timing 
associated with the execution of every instruction. Refer to F8 
and F3870 Guide to Programming for programming details. 
The columns used in Table 3 are described below. 

Op Code— The Op Code is the instruction mnemonic that 
appears in the mnemonic field of an assembly language 
instruction and identifies the instruction. 

Operand (s)— If the instruction contains any information in the 
operand field of the assembly language source code, the infor- 
mation is shown in this column. Arrows identify the portion of 
object code that represents the operand field. Any portion of 
object code that does not represent the operand field must 
represent the mnemonic field. Table 4 explains symbology used 
in the operand field. 

Object Code— This is the hexadecimal representation of the 
instruction's object code. The first byte of object code, or in 
some cases the first hexadecimal digit of object code, represents 
the Op Code. The operand is represented by the second and third 
bytes of object code, if present, or in some cases by the second 
hexadecimal digit of the first object code byte. Refer to Table 4 for 
symbology used in the object code field. 

Cycle— This column identifies each instruction cycle for every 
instruction. Every cycle is listed on a separate horizontal line and 
is identified by the letter S for a short (four clock period) cycle or 
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the letter L for a long (six clock period) cycle. Thus, the entry 

S 

represents an instruction that executes in one short cycle. The 
entry 



represents an instruction that executes in three cycles: the first is 
a short cycle; the second is a long cycle; the third (and last) is a 
short cycle. 

ROMC State— This is the state, as identified in the "ROMC Signal 
Functions" section, that is output by the F3850 CPU in the early 
stages of the instruction cycle. 

Timing— Timing for all instructions, except INS and OUTS 
accessing I/O ports and 1, can be created out of Figures 9 and 
10. For the exceptions. Figure 11 \s required. 

The ROMC lines are always set after a delay of tda, as shown in 
Figure 9. The only timing variations for each instruction cycle are 
data bus timing variations. Therefore, data bus timing is defined 
using the delays tdbi through tdbe- With the exception of tdba, 
these time delays are unambiguous in that they are keyed to 
either the leading edge or the trailing edge of the WRITE signal 
high, for a long or short instruction cycle, as illustrated in Figure 
10. There are two cases for tdba, however, as illustrated in Figure 
9. These are identified in Table 4 as 3S for Figure 9A and 3L for 
Figure 9B; tdb-i through tdbe are otherwise identified by the 
numbers 1 through 6. 

Cycles that do not use the data bus are identified by in the 
timing column; Figure 8 illustrates timing in this case. 



Cycle Represents 






Figure 8 


1 


tdbi in Figure 10 


2 


tdb2 in Figure 10 


3S 


tdb3 in Figure 9A 


3L 


tdba in Figure 9B 


4 


tdb4 in Figure 10 


5 


tdb5 in Figure 10 


6 


t6bs'\n Figure 10 


tatu 


s Flags— Status flags are identified as follows: 


0- 


-Overflow 


z- 


-Zero 


C— Carry 


S- 


-Sign 



Within each column, symbology is used as follows: 

— Status not affected 
Status set to 

I/O Status set to either 1 or 0, depending on the results 
of the Instruction's execution 

Interrupt— An "x" in this column identifies an Instruction that 
disallows Interrupts at the end of the instruction's execution. A 
"y" identifies cycles in which the ICB is reset to (cleared). 

Function— The effect of each instruction cycle is described in 
this column using symbology given in Table 4. 

Instruction Cycle Execution and Timing 

Table 3 lists the instruction cycles, plus the ROMC state 
associated with each cycle, for every F8 instruction. Note that 
instructions are described in the table by order of ascending 
instruction (first byte) object code. Table 4 lists the symbology 
used in Table 3. 



Table 3 Instruction Cycle Execution and Timing 



Op 
Code 




Object 
Code 




ROMC 




Status Flags 






Operand(s) 


Cycle 


State 


Timing 





Z 


c 


s 


Interrupt 


Function 


LR 


A, KU 


00 


S 





3S 


— 


— 


— 


— 




A - (r12) 


LR 


A,KL 


01 


S 





3S 


— 


— 


— • 


— 




A^(r13) 


LR 


A,QU 


02 


S 





3S 


— 


— 


— 


— 




A - (r14) 


LR 


A,QL 


03 


s 





3S 


— 


— 


— 


— 




A - (r15) 


LR 


KU,A 


04 


s 





3S 


— 


— 


— 


— 




r12 - (A) 


LR 


KL.A 


05 


s 





3S 


— 


• — 


— 


— 




r13 ^ (A) 


LR 


QUA 


06 


s 





3S 


— . 


— 


— 


— 




r14 - (A) 


LR 


QL,A 


07 


s 





3S 


— 


— 


— 


— 




r15 - (A) 
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Table 3 Instruction Cycle Execution and Timing (Continued) 



Op 
Code 




Object 
Code 




ROMC 




Status Flags 






Operand(s) 


Cycle 


State 


Timing 





z 


c 


s 


Interrupt 


Function 


LR 


K,P 


08 


L 


7 


5 


— 


— 


— 


— 




r12 - (P01U) 








L 


B 


5 


— 


— 


— 


— 




r13 - (P01L) 








S 





3S 


— 


— 


— 


— 






LR 


P. K 


09 


L 


15 


2 


— 


— 


— 


— 




P01U - (r12) 








L 


18 


2 


— 


— 


— 


— 




P01L - (r13) 








S 





as 


— 


— 


— 


— 






LR 


A, IS 


OA 


S 





3S 


— 


— 


— 


— 




A - (ISAR) 


LR 


IS, A 


OB 


S 





3S 


— 


— 


-^ 


— 




ISAR - (A) 


PK 




OC 


L 


12 


2 


— 


— 


— 


— 




P01 - (POO); 








L 


14 


2 


— 


— 


— 


— 




POOL - (r13) 








S 





3S 


— 


— 


— 


— 




POOU - (r12) 


LR 


PO.Q 


OD 


L 


17 


2 


— 


— 


— 


— 


X 










L 


14 


2 


— 


— 


— 


— 




POOL *- (r15) 








S 





3S 


— 


— 


— 


— 




POOU - (r14) 


LR 


Q.DC 


OE 


L 


6 


3 


— 


— 


— 


— 




r14 *- (DOOU) 








L 


9 


5 


— 


— 


— 


— 




r15 - (DOOL) 








S 





3S 


— 


— 


— 


— 






LR 


DC,Q 


OF 


L 


16 


2 


— 


— 


— 


— 




DOOU *- (r14) 








L 


19 


2 


— 


— 


_ 


— 




DOOL - (r15) 








S 





3S 


— 


— 


— 


— 






LR 


DC,H 


10 


L 


16 


2 





— 


— 


— 




DOOU - (rIO) 








L 


19 


2 


— 


— 


— 


— 




DOOL - (r11) 








S 





3S 


— 


— 


— 


— 






LR 


H.DC 


11 


L 


6 


5 


— 


— 


— 


— 




no *- (DOOU) 








L 


9 


5 


— 


— 


— 


— 




r11 - (DOOL) 








S 





3S 


— 


— 


— 


— 






SR 


1 


12 


S 





3S 





1/0 





1 




Shift (A) right one bit 
position (zero fill) 


SL 


1 


13 


s 





3S 





1/0 





1/0 




Shift (A) left one bit 
position (zero fill) 


SR 


4 


14 


s 





3S 





1/0 





1 




Shift (A) right four bit 
positions (zero fill) 


SL 


4 


15 


s 





3S 





1/0 





1/0 




Shift (A) left four bit 
positions (zero fill) 


LM 




16 


L 
S 


2 



6 
3S 


— 


— 


— 


— 




A ^ ((DOO)) 


ST 




17 


L 


5 


1 


— 


— ■ 


— 


— 




(DO) - (A) 








S 





3S 


— 


— 


— 


— 






COM 




18 


S 





3S 





1/0 





1/0 




A *- (A) © H'FP 

Oomplement 

accumulator 


LNK 




19 


s 





3S 


1/0 


1/0 


1/0 


1/0 




A^(A) + (0) 


Dl 




1A 


s 
s 


10 




3S 


— 


— 


— 


— 


y 


Olear lOB 


El 




IB 


s 
s 


10 




3S 


— 


— 


— 


— 


X 


Set lOB 


POP 




10 


s 


4 





— 


— 


— 


— 




POO - (P01) 








s 





3S 


— 


— 


— • 


— 


X 
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Tables 


Instruction Cycle Execution and Timing (Continued) 














Op 
Code 




Object 
Code 




ROMC 




Status Flags 






Operand(8) 


Cycle 


State 


Timing 





z 


c 


s 


Interrupt 


Function 


LR 


W,J 


1D 


S 


1C 





1/0 


1/0 


1/0 


1/0 




W *- (r9) 








S 





3S 


— 


— 


— 


— 


X 




LR 


J.W 


1E 


s 





3S 


— 


— 


— 


— 




r9-(W) 


INC 




1F 


s 





3S 


1/0 


1/0 


1/0 


1/0 




A - (A) + 1 


LI 


aa 


20 


L 


3 


6 


— 


— 


— 


_ 




A - H'aa' 




1 




S 





3S 


— 


— 


— 


— 










— ^aa 




Nl 


aa 


21 


L 


3 


4 





1/0 





1/0 




A - (A) V H'aa' 




1 


— ^aa 


S 





3S 











— 






Ol 


aa 


22 


L 


3 


4 





1/0 





1/0 




A - (A) V H'aa' 




1 


». aa 


s 





3S 


















XI 


aa 


23 


L 


3 


4 





1/0 





1/0 




A - (A) © H'aa' 




1 


»> aa 


s 





3S 


















Al 


aa 


24 


L 


3 


4 


1/0 


1/0 


1/0 


1/0 




A - (A) + H'aa' 




1 


^ aa 


s 





3S 














CI 


aa 


25 


L 


3 


4 


— 


— 


— 


— 




Perform H'aa' + (A) 




1 




S 





3S 


1/0 


1/0 


1/0 


1/0 




+ 1 . Do not save result, 
but modify status flags 






— ^ aa 
































to reflect result. 


IN 


PP 


26 


L 


3 


2 


— 


— 


_ 


— 




DB-PP 






PP 


L 


1B 


6 





1/0 





1/0 




A -(I/O Port PP) 








S 





3S 


— 


— 


— 


— 






OUT 


PP 


27 


L 


3 


2 


— 


— 


— 


— 




DB-PP 






PP 


L 


1A 


1 


— 


— 


— 


— 




I/O Port PP - (A) 








S 





3S 


— 


— 


— 


— 


X 




PI 


iijj 


28 


L 


3 


6 


— 


— 


— 


— 




A-H'ii' 




L 




^ jj 


S 
L 
L 


D 
C 
14 



2 
1 












PCI - (PCO) + 1 
PCOL - H'jj' 
PCOU - (A) 








— ii 
















^^"JJ 





— 


— 


— 










S 





3S 


— 


— 


— 


— 


X 




JMP 


iij] 


29 


L 


3 


6 


— 


— 


— 


— 




A - H'jj' 




Lj 




jj 


L 
L 


C 
14 


2 
1 








. 




PCOL - H'jj' 
PCOU - (A) 








.. 


— 


— 


— 


— 










^~^ JJ 








S 





3S 


— 


— 


— 


— 


X 




DCI 


iij] 


2A 


L 


11 


2 


— 


— 


— 


— 




DCOU - 11 




h 






S 


3 















(increment PCO) 






— " ii 








:: 


l_ 


E 


2 














DCOL - jj 
(increment PCO) 






— ^ JJ 


s 


3 





















s 





3S 


— 


— 


— 


— 






NOP 




2B 


s 








_ 


— 


— 


— 






XDC 




2C 


s 


ID 





— 


— 


— 


— 




DCO ^ DCI 








s 








— 


— 


— 


— , 






DS 


r 

1 


3r 

t 


L 





3L 


1/0 


1/0 


1/0 


1/0 




r *- (r) + H'FF' Decrement 
scratchpad byte 
A-(r) 


LR 


A 

r, 

L 

e 

L 


, r 

1 


4r 

\ 


s 
s 
s 







3S 
3S 
3S 


- 


- 


— 


- 




LR 


A 


5r 

f 


r-(A) 


LISU 




6e 


ISARU - O'e' 
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TMe 3 Instruction Cycle Execution and Timing (Continued) 



Op 




Object 
Code 




RQMC 




Status Flags 




Code 


Operand(8) 


Cycle 


State 


Timing 





z 


c 


s 


Interrupt 


Function 


LISL 


? 


68 + e 

4 


S 
S 

s 






1C 


3S 

3S 




- 


- 


- 


- 




ISARL - O'e' 


LIS 


a 

1 


7a 


A - H'Oa' 


BT 


^ 


d 


Test e A W register 






^ :: 


s 


3 





— 


— 


— 


— 




Res = 0soPC0=(PC0)-h2 






^ II 








s 





3S 




















s 


1C 





— 


— 


— ' 


— 












L 


1 


2 


— 


— 


— 


— 




Test e A W register 
Res#OsoPCO=(PCO) 








S 





3S 












4- H'ii' + 1 


AM 




88 


L 
S 


2 



4 
3S 


1/0 


1/0 


1/0 


1/0 




A - (A) + ((DCO)) Binary, 
DCO - (DC) + 1 


AMD 




89 


L 


2 


4 


1/0 


1/0 


1/0 


1/0 




A - (A) + ((DCO)) Decimal, 
DCO - (DCO) +1 








S 





3S 


— 


— 


— 


— 






NM 




8A 


L 


2 


4 





1/0 





1/0 




A - (A) A ((DCO)); 








S 





3S 


— 


— 


— 


— 




DCO - (DCO) + 1 


OM 




8B 


L 


2 


4 





1/0 





1/0 




A ^ (A) A ((DCO)); 








S 





3S 


— 


— 


— 


— 




DCO - (DCO) + 1 


XM 




8C 


L 


2 


4 





1/0 





1/0 




A - (A) e ((DCO)); 








S 





3S 


— 


— 


— 


— 




DCO - (DCO) + 1 


CM 




8D 


L 


2 


4 


1/0 


1/0 


1/0 


1/0 




Set status flags on basis 








S 





3S 


— 


— 


— 


— 




of((DC)) + (A) + 1; 
DCO «- (DCO) + 1 


ADC 




8E 


L 


A 


1 


— 


— 


— 


— 




DC - (DC) + (A) 








S 





3S 


— 


— 


_ 


— 






BR7 


'i 


8F 


S 


3 





— 


— 


— 


— 




PCO - (PCO) + 2 




1 


^ ii 


S 





3S 


— 


— 


— 


— 




because (ISARL) = 7 














L 
S 


1 


2 
3S 


— 


— 


— 


— 




PCO *- (PCO) + H'ii' + 1 
because (ISARL) # 7 




1 


1 





— 


— 








BF 


t,ii 


9t 


S 
L 
S 


1C 
1 






2 

3S 


— 


— 


— 


— 




Test t A W. register 
Res = so PCO = (PCO) 
+ H'ii' + 1 






—^ II 






















S 


1C 





— 


— 


— 


— 




Test t A W. register 








S 


3 





. — 


— 


— 


— 




Res #0 so PCO = (PCO) + 2 








S 





3S 


— 


— 


— 


— 






INS 


Oor1 


AO.AI 


S 


1C 








1/0 





1/0 




A- (I/O Porto or 1) 








S 





3S 


— 


— 


— 


— 






INS 


4 


A4 


L 


1C 








1/0 





1/0 




DB - Port address (4 thru 15) 




thru 


thru 


L 


IB 


6 


— 


— 


— 


— 








15 


AF 


S 





3S 


— 


— 


_ 


— 




A- (Port 4 thru 15) 


OUTS 


Oor1 


BO.BI 


S 


1C 





— 


— 


— 


— 




I/O Porto or 1 - (A) 








S 





3S 


— 


— 


' — 


— 






OUTS 


4 


B4 


L 


1C 





— 


— 


— 


— 




DB - Port address (4 thru 15) 




thru 


thru 


L 


1A 


1 


— 


_ 


— 


— 








15 


BF 


S 





3S 


— 


— 


— , 


— 


X 


Port (4 thru 15) (A) 
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Table 3 Instruction Cycle Execution and Timing (Continued) 



Op 
Code 




Object 
Code 




ROMC 




status Flags 






Operand(s) 


Cycle 


State 


Timing 





z 


c 


s 


Interrupt 


Function 


AS 


r 


Or 


S 





3S 


1/0 


1/0 


1/0 


1/0 




A *- (A) 4- (r) Binary 


ASD 


r 


Dr 


S 

s 


1C 





as 


1/0 


1/0 


1/0 


1/0 




A - (A) + (r) Decimal 


XS 


r 


Er 


s 





as 





1/0 





1/0 




A-(A)e(r) 


NS 


r 


Fr 


s 





as 





1/0 





1/0 




A - (A) V (r) 


INTRPT 




XX 


L 


1C 





— 


— 


— 


— 




IDLE 








L 


OF 


2 


— 


— 


— 


— 




POOL *- Int. address 
(lower byte); PCI -POO 








L 


13 


2 


— 


— 


— 


— 


y 


PGOU - Int. address 
(upper byte) 








S 





as 


— 


— 


— 


— 


X 




RESET 




XX 


S 


1C 





— 


— 


— 


— 




IDLE 








L 


8 


1 


— 


— 


— 


— 


y 


POO - 0, PCI - POO 








S 





as 


— 


— 


— 


— 


X 






Table 4 Instruction Execution and Timing Symbology 



Symbol 



Interpretation 



_A 

(A) 

a 



bb 

Binary 



DB 

DCO 

DCOL 

DGOU 

DCI 

Decimal 

e 

H 

ii 



The accumulator 

The complement of accumulator contents 

A single hexadecimal digit being interpreted as 

data 

Two hexadecimal digits being interpreted as a 

single byte of data or as the high order byte of 16 

bits of data 

Two hexadecimal digits being interpreted as the 

low order byte of 16 bits of data 

Binary arithmetic specified 

The carry status flag 

F8 system data bus 

The primary data counter register 

The low order byte of the primary data counter 

register 

The high order byte of the primary data counter 

register 

The secondary data counter register 

Decimal arithmetic specified 

A single octal digit being interpreted as data 

Scratchpad bytes 10 and 11 

Two hexadecimal digits being interpreted as the 

high order byte of a 16-bit address or as a simple 

byte address displacement 



Symbol 



ISAR 

ISARL 

ISARU 

J 

jj 

K 

KL 
KU 
O 
P 

PP 

PCQ 

PCOL 

PCOU 

PCI 

PCIL 

PCIU 

Q 

QL 

QU 



interpretation 



The 6-bit scratchpad address register 

The low order three bits of ISAR 

The high order three bits of ISAR 

Scratchpad byte 9 

Two hexadecimal digits being interpreted as the 

low order byte of a 16-bit address 

Scratchpad bytes 12 and 13 

Scratchpad byte 13 

Scratchpad byte 12 

The overflow status flag 

A single hexadecimal digit being interpreted as an 

I/O port address (0-15) 

Two hexadecimal digits being interpreted as an I/O 

port address (0-255) 

The program counter register 

The low order byte of the program counter register 

The high order byte of the program counter 

register 

The stack register 

The low order byte of the stack register 

The high order byte of the stack register 

Scratchpad bytes 14 and 15 

Scratchpad byte 15 

Scratchpad byte 14 
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Table 4 Instruction Execution and Timing Symboiogy (Continued) 



Symbol 



Interpretation 



Symbol 



r Single hexadecimal digit interpreted as scratchpad 

address: 

4 = through B for locations through B in 

scratchpad 

r = C for ISAR as address source with no change 

after access 

r = D for ISAR as address source with 

ISARL = ISARL + 1 after access 

r = E for ISAR as address source with 

ISARL = ISARL-1 after access 

r = F is not allowed 
S The sign status flag 

t A single hexadecimal digit identifying a status 

condition that is tested by a Branch on 
Condition instruction 
W The status register 



Interpretation 



Z The zero status flag 

A The logical OR of 8-bit quantities on each side of 

this symbol is specified 
V The logical AND of 8-bit quantities on each side of 

this symbol is specified 
® The logical Exclusive-OR of 8-bit quantities on 

each side of this symbol is specified 
*- The value to the right of this symbol is to be loaded 

into the location specified on the left of this symbol 
The contents of the location within the brackets is 

specified 
(0) The contents of the memory word addressed by 

the contents of the location within the double 

brackets is specified 
+ The binary address of 8-bit quantities on each side 

of this symbol is specified 



ROMC Signal Functions 

Table 5 describes the ROMC signals and their functions. 
Table 5 ROMC Signal Functions 



ROMC 




Cycle 




4 3 2 10 


HEX 


Length 


Function 





00 


S,L 


Instruction Fetch. The device whose address space includes the contents of the POO register must 
place on the data bus the op code addressed by POO; then all devices increment the contents of POO. 


1 


01 


L 


The device whose address space includes the contents of the PCO register must place on the data bus 
the contents of the memory location addressed by PCO; then all devices add the 8-bit value on the data 
bus, as a signed binary number, to PCO. 


10 


02 


L 


The device whose DCO addresses a memory word within the address space of that device must 
place on the data bus the contents of the memory location addressed by DCO; then air devices 
increment DCO. 


11 


03 


L.S 


Similar to 00, except that it is used for Immediate Operand fetches (using PCO) instead of 
instruction fetches. 


10 


04 


S 


Copy the contents of PC1 into PCO. 


10 1 


05 


L 


Store the data bus contents into the memory location pointed to by DCO; increment DCO. 


110 


06 


L 


Place the high order byte of DCO on the data bus. 


111 


07 


L 


Place the high order byte of PCI on the data bus. 


10 


08 


L 


All devices copy the contents of PCO into PCI . The CPU outputs zero on the data bus in this ROMC 
state. Load the data bus into both halves of PCO, thus clearing the register. 


10 1 


09 


L 


The device whose address space includes the contents of the DCO register must place the low order 
byte of DCO onto the data bus. 


10 10 


OA 


L 


All devices add the 8-bit value on the data bus, treated as a signed binary number, to the data counter. 


10 11 


OB 


L 


The device whose address space includes the value in PCI must place the low order byte of PCl on 
the data bus. 
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Table 5 ROMC Signal Functions (Continued) 



ROMC 




Cycle 




4 3 2 10 


HEX 


Length 


Function 


110 


oc 


L 


The device whose address space includes the contents of the PCO register must place the contents of 
the memory word addressed by PCO onto the data bus; then all devices move the value that has just 
been placed on the data bus into the low order byte of PCO. 


110 1 


OD 


S 


All devices store in PCI the current contents of PCO, incremented by 1; PCO is unaltered. 


1110 


OE 


L 


The device whose address space includes the contents of PCO must place the contents of the word 
addressed by PCO onto the data bus. The value on the data bus is then moved to the low order byte 
of DCO by all devices. 


1111 


OF 


L 


The interrupting device with highest priority must place the low order byte of the interrupt vector on the 
data bus. All devices must copy the contents of PCO into PCI. All devices must move the contents of 
the data bus into the low order byte of PCO. 


10 


10 


L 


Inhibit any modification to the interrupt priority logic. 


10 1 


11 


L 


The device whose memory space includes the contents of PCO must place the contents of the 
addressed memory word on the data bus. All devices must then move the contents of the data bus 
to the upper byte of DCO. 


10 10 


12 


L 


All devices copy the contents of PCO into PC1. All devices then move the contents of the data bus into 
the low order byte of PCO. 


10 11 


13 


L 


The interrupting device with highest priority must move the high order half of the interrupt vector onto 
the data bus. All devices must move the contents of the data bus into the high order byte of PCO. The 
interrupting device resets its interrupt circuitry (so that it is no longer requesting CPU servicing and can 
respond to another interrupt). 


10 10 


14 


L 


All devices move the contents of the data bus into the high order byte of PCO. 


10 10 1 


15 


L 


All devices move the contents of the data bus into the high order byte of PCI. 


10 110 


16 


L 


All devices move the contents of the data bus into the high order byte of DCO. 


10 111 


17 


L 


All devices move the contents of the data bus into the low order byte of PCO. 


110 


18 


L 


All devices move the contents of the data bus into the low order byte of PCI. 


110 1 


19 


L 


All devices move the contents of the data bus into the low order byte of DCO. 


110 10 


1A 


L 


During the prior cycle, an I/O port timer or interrupt control register was addressed; the device 
containing the addressed port must move the current contents of the data bus into the addressed port. 


110 11 


IB 


L 


During the prior cycle, the data bus specified the address of an I/O port. The device containing the 
addressed I/O port must place the contents of the I/O port on the data bus. (Note that the contents of 
timer and interrupt control registers cannot be read back onto the data bus.) 


1110 


1C 


LorS 


None. 


1110 1 


ID 


S 


Devices with DCO and DC1 registers must switch registers. Devices without a DC1 register perform no 
operation. 


11110 


IE 


L 


The device whose address space includes the contents of PCO must place the low order byte of PCO 
onto the data bus. 


11111 


IF 


L 


The device whose address space includes the contents of PCO must place the high order byte of PCO 
onto the data bus. 
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Timing Characteristics 

The timing characteristics of the F3850 are described in Table 6. 



VDD = +5V±5%,VGG = +12V±5%,Vss = 0V,TA = O«Cto+70°C 



Tables F3850 CPU Signal Timing Characteristics 


Symtx)! 


Characteristic 


IVIin 


Typ 


i\/lax 


Units 


Test Conditions 


Px* 


External Input Period 


0.5 




1.0 


MS 




PW/ 


External Pulse Width 


200 




Px-200 


ns 


tr,tf^30ns 


txi 


Ext. to - to - Delay 
Extended Temp. Range 






250 
500 


ns 
ns 


Cl=100pF 


tX2 


Ext. to <^ + to + Delay 
Extended Temp. Range 






250 
500 


ns 
ns 


Cl=100pF 


P0 


<t> Period 


0.5 




1.0 


MS 




PWi 


Pulse Width 


180 




P0-18O 


ns 


tptf = 50ns;CL=100pF 


tdi 


to WRITE + Delay 
Extended Temp. Range 




150 


250 
400 


ns 
ns 


Cl=100pF 


td2 


to WRITE -Delay 
Extended temp. Range 




150 


250 
400 


ns 
ns 


Cl=100pF 


PW2 


WRITE Pulse Width 


Pcf>-^00 




P</> 


ns 


tr,tf50nstyp;CL=100pF 


PWs 


WRITE Period; Short 




4P</) 








PWl 


WRITE Period; Long 




6P0 








td3 


WRITE to ROMC Delay 


80 


300 


550 


ns 


Cl=100pF 


td/ 


WRITE to ICB Delay 






350 


ns 


Cl = 50pF 


tds 


WRITE to INT REQ Delay 






430 


ns 


Cl=100pF 


tsx* 


EXT RES Setup Time 


1.0 






MS 


Cl = 20pF 


tsu* 


I/O Setup Time 


300 






ns 




th* 


I/O Hold Time 


50 






ns 




V 


I/O Output Delay 






2,5 


MS 


Cl = 50pF 


tdbi* 


WRITE to Data Bus Stable 




0.6 


1.3 


MS 


Cl=100pF 


tdbg 


WRITE to Data Bus Stable 


2P(t) 




2P0+1.O 


MS 


Cl=100pF 


tdbs* 


Data Bus Setup 


200 






ns 




tdb/ 


Data Bus Setup 


500 






ns 




tdbg 


Data Bus Setup 


500 






ns 




tdbe* 


Data Bus Setup 


500 






ns 





1 . Symbols marked with an asterisk (*) refer to parameters tliat are most frequently 
of importance when interfacing to an F8 system. They encompass I/O timing, 
external timing generation, and possible external RAM timing. The remaining 
parameters are typically those that are only relevant between F8 devices, and 
not normally of concern to the user. 



2. Input and output capacitance is 3 to 5 pF typical on all pins except N/qq, Vqg, 
and Vsg. 

3. If INT REQ is being supplied asynchronously, it can be pulled down at any 
time except during a fet ch cycle th at has been preceded by a non-privileged 
instruction. In that case INT REQ must go down according to the requirement? 

Oftdfi. 
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DC Characteristics 

The DC characteristics of the F3850 are provided in Table 7. 



VDD = +5V±5%,VGG = +12V±5%,Vss = 0V,TA = 0°Cto+70*'C 



Table 7 F3850 CPU Signal DC Characteristics 



Signal 


Symtx)! 


Characteristic 


Min 


Max 


Unit 


Test Conditions 


0, WRITE 


VOH 


Output High Voltage 


4.4 


Vdd 


V 


Ioh = -50mA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=1-6mA 




VoH 


Output High Voltage 


2.9 




V 


Ioh = -100mA 


XTLY 


V,H 


Input High Voltage 


4.5 


Vgg 


V 






V,L 


Input Low Voltage 


Vss 


0.8 


V 






•iH 


Input High Current 


5 


50 


mA 


V,n = Vdd 




l|L 


Input Low Current 


-10 


-120 


mA 


V,N = Vss 


ROIVICcM 


VoH 


Output High Voltage 


3.9 


Vdd 


V 


Ioh = -100mA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=1-6mA 


DBc^7 


V,H 


Input High Voltage 


2.9 


Vdd 


V 






V,L 


Input Low Voltage 


Vss 


0.8 


V 






VoH 


Output High Voltage 


3.9 


Vdd 


V 


Ioh = -100mA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=1-6mA 




l|H 


Input High Current 




3 


mA 


V,N = 7V3-Statemode 




Iil 


Input Low Current 




-3 


mA 


V|N - Vss 3-State mode 


I/O0-17 


VoH 


Output High Voltage 


3.9 


Vdd 


V 


Ioh = -30mA 




VoH 


Output High Voltage 


2.9 


Vdd 


V 


Ioh = -150mA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=1-6mA 




V,H 


Input HighVoltage(^) 


2.9 


Vdd 


V 


Internal pull-up to Vdd 




V,L 


Input Low Voltage 


Vss 


0.8 


V 






Iil 


Input Low Current 




-1.6(4) 


mA 


V|N = 0.4V(2) 


EXT RES 


V,H 


Input High Voltage 


3.5 


Vdd 


V 


Internal pull-up to Vdd 




V,L 


Input Low Voltage 


Vss 


0.8 


V 






l|L 


Input Low Current 


-0.1 


-1.0 


mA 


V|N = VsS 


INT REQ 


V,H 


Input High Voltage 


3.5 


Vdd 


V 


Internal pull-up to Vdd 




V,L 


Input Low Voltage 


Vss 


0.8 


V 






i|L 


Input Low Current 


-0.1 


-1.0 


mA 


ViN = Vss 




VoH 


Output High Voltage 


3.9 


Vdd 


V 


Ioh = -10mA 


iCB 


VoH 


Output High Voltage 


2.9 


Vdd 


V 


loH = -100/xA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


Iol=100mA 




1 . Hysteresis input circuit provides additional 0.3 V noise immunity while internal 
pull-up provides TTL compatibility. 

2. Measured while F8 port is outputting a high level. 

3. Guaranteed but not tested. 



4. -1 .8 V max. for extended temperature range. 

5. Positive current is defined as conventional current flowing into the pin 
referenced. 
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Supply Currents 



Absolute Maximum Ratings 



Symbol 




MIn 


TVP 


Max 


Unit 


Test 
Conditions 


'dd 


Vdd Current 




45 


75 


mA 


f = 2MHz, 

Outputs 

Unloaded 


•gg 


Vqg Current 




12 


30 


mA 


f = 2MHz, 

Outputs 

Unloaded 





Recommended Operating Ranges 

The recommended operating ranges of the F3850 are shown 
below. 



Vgg 

Vdd 

XTLX, XTLY, and XTLZ 

All other inputs 

Storage temperature 

Operating temperature 



-0.3 V,+15V 
-0.3 V, +7 V 
-0.3 V,+15V 
-0.3 V, +7 V 
-55°C,+150°C 
0°C,+70°C 



These are stress ratings only, and functional operation at these 
ratings, or under any conditions above those indicated in this 
data sheet, is not implied. Exposure to the absolute maximum 
rating conditions for extended periods of time may affect device 
reliability, and exposure to stresses greater than those listed may 
cause permanent damage to the device. 







Supply Voltage (Vdd) 




Supply Voltage (Vgg) 




Part Number 


Min 


Typ Max 


MIn 


Typ Max 


Vss 


F3850 


+4.75 V 


+5V +5.25 V 


+11.4 V 


+12 V +12.6 V 


ov 





Ordering infonnatlon 



Order Code 


Package 




F3850DC 


Ceramic 


0°Cto+70°C 


F3850DL 


Ceramic 


-40° C to +85° C 


F3850DM 


Ceramic 


-55°Cto+125°C 


F3850PC 


Plastic 


0°Cto+70°C 


F3850PL 


Plastic 


-40° C to +85° C 


F3850PM 


Plastic 


-55°Cto+125°C 
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F3851/F3856 
Program Storage Unit 



Microprocessor Product 



Description 

The Fairchlld F3851 and F3856 are the principal program 
storage devices for the F8 microcomputer system. The 
F3851 provides 1024 bytes of ROM; the F3856 provides 2048 
bytes. The program storage unit (PSU) is customized with 
programs and permanent data tabies, which are specified 
as ROM masics. 

The PSU devices have two 8-bit, bidirectional I/O ports, 
interrupt logic, a programmable timer, and a pulse width 
measurement circuit. They also contain memory addressing 
logic with data counters and program counters. The Inter- 
rupt logic responds to requests from an external device and 
internally from the timer. The pulse width measurement cir- 
cuit (F3856) is a combination of these two capabilities. 

The PSU devices are manufactured using N-channel, iso- 
planar MOS technology; therefore, power dissipation is very 
low, typically less than 275 mW. 



• 1024/2048 Bytes of Program Storage 

• intemai iVIemory Addressing Logic 

• 16 Bidirectionai, individually Controlled I/O 
Lines, Organized as Two 8-Bit Ports 

• Programmable Timer (F3856)— Preset, Start, Stop, 
and Read-Bacic Ability; Four Selectable Timer 
Count Rates, and Pulse Width Measurement 

• Full Interrupt Level ~ Daisy-Chain Expandable, 
Independent Interrupt Address Vectors 

for Timer and Extemal Interrupt 

• 2 MHz Operation 

• TTL and LSTTL Compatible 

• Low Power Dissipation, Typically Less Than 275 mW 

• +5Vand -1-12 V Power Supplies 




Connection Diagram 



Signal Functions 



TJob'v [^ 


1 40 


J]DB7 


ITo A?!^ 


2 


39 


JDB6 


Vgg[|; 


3 


38 


^iToB^ 


Vdd[^ 


4 


37 


JlTOAi 


EXT INT ^ 


5 


36 


^TToAi 


PR? OUT [^ 


6 


35 


JlToFs 


WRITE ^ 


7 


34 


Job. 


*9 


8 


33 


Job. 


IriT REQ [^ 


9 


32 


^ I/O B4 


prIin ^ 


10 


31 


^iTOA^ 


DBDR L, 


11 


30 


JjTToA^ 


OBE/NC*[; 


12 


29 


^ITOB^ 


R0MC4 [^ 


13 


28 


JDB3 


ROMC3 [^ 


14 


27 


[JoBa 


ROMC2 ^ 


15 


26 


I^TTOBa 


ROMC1 [^ 


16 


25 


^ITOAi 


ROMCo c; 


17 


24 


'^VoT^ 


vss[;; 


18 


23 


^ITobT 


ITOA^I^ 


19 


22 


:iDB, 


170B^[^ 


20 


21 


IJdBo 



I/O / 
PORTS A 



I/O Ao 
ITO Ai 

iTo A2 
iTo A3 
iTo A4 
ITo A5 
176 Ae 
iTo A7 
iTo §0 
iTo Bi 
iTo §2 
iTo §3 
iTo B4 
iTo §5 
iTo Bg 
iTo B, 



Vdd 
Vcc 
Vss 



DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 
DB7 
DBDR 

ROMCo 
ROMC1 
ROMC2 
ROMC3 
ROMC4 
EXTiNT 
INTREQ 
PRliN 
PRi OUT 



DATA 
BUS 



* NO for F3851 only. 
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Device Organization 



System Clocl( Timing 



The PSU is more than a read-only memory unit: every mem- 
ory device within the F8 system contains its own memory 
addressing logic along with associated address registers. 
Refer to figure 1 for a simplified block diagram of the PSU. 
A single 8-blt data bus provides all necessary communica- 
tion between a PSU (or any other memory device) and an 
F3850 CPU. 



All timing within the F3851/F3856 PSU is controlled by the 
<t> and WRITE signals, which are generated from the F3850 
CPU. Refer to the F3850 data sheet for a description of 
these clock signals, The WRITE clock refreshes and up- 
dates PSU address registers, which are dynamic. The <|> 
clock drives sequencing logic to precharge the ROM matrix; 
it also drives the programmable timer. 



The PSU has an elementary arithmetic unit that can incre- 
ment and add 16-bit data units; for memory addressing 
logic, these two operations are sufficient. The PSU is func- 
tionally illustrated in figure 2. These devices also contain a 
control unit that decodes the five read-only memory control 
(ROMC) lines, generated by the CPU, as though they were a 
5-bit instruction code. Similar to the CPU, the PSU gener- 
ates Internal signals to control data flow and arithmetic 
logic within itself. One control output, data bus drive 
(DBDR), is generated to coincide with data being output 
by the PSU. 



I/O Ports 

The unit contains four preassigned I/O port addresses: the 
two lowest are assigned to I/O ports A and B and are used 
to transfer data to and from external devices. The other two 
I/O addresses are assigned to the programmable timer and 
the interrupt control register and are treated as I/O ports. 
Associated with the I/O ports is an I/O port address select 
register (ASR). This is a 6-bit register for the F3851 and a 
5-blt register for the F3856. The contents are a mask option, 
which must be specified at the time the PSU is created. The 
ports are addressed as follows: 



XXXXXXOO I/O port A 

XXXXXX01 I/O port B 

XXXXXX10 Interrupt control register 

XXXXXX1 1 Programmable timer 



Figure 1 PSU Simplified Block Diagram 
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For example, If the six binary digits are 000010, the four I/O 
port addresses are H'08', H'09', H'OA', and H'OB'. 

When a logic 1 Is output to I/O port A or B, It places a V 
level on the output pin. This same inverted logic applies to 
input. 

The F3851 I/O ports, timer, and interrupt control register are 
not initialized during the power-on reset cycle. The F3856 
I/O ports and interrupt control register are initialized during 
both the power-on or external reset cycle; the timer register 
is not Initialized during power-on or external reset cycles. 



ROM Addressing 

The F3851 8K PSU has 1024 bytes of read-only memory; the 
F3856 16K PSU has 2048 bytes. This ROM array may con- 
tain object program code and/or tables of nonvarying data. 
Every PSU Is implemented using a custom mask that speci- 
fies the state of every ROM bit and certain address mask 
options that are external to the ROM array. 




Figure 2 PSU Functional Diagram 
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The ROM addressing logic consists of 16-blt registers: pro- 
gram counter PCq. stack register PCi, and data counter DCq. 
Data counter DCi is provided on the F3856 as an additional 
buffer for DCq. 

A 6-blt page select register and 10-bit address select regis- 
ter provide decode logic for the F3851. The F3856 uses a 
5-bit page select register and an 11 -bit address select 
register. 

Program Counter, Data Counter, and Stack Registers 

Program counter PCq always addresses the memory loca- 
tion out of which the next program Instruction byte is read. 
If the Instruction requires data (i.e., an operand) to be 
accessed, data counter DCq must address memory for this 
purpose; PCq cannot be used to address data, since it Is 
saving the address of the next Instruction code. By using 
the exchange DC instruction in the F3856 program, the two 
data counter contents of DCq and DCi can be exchanged. 

The provision of two address registers, PCq and DCq, Is a 
convenience to the F3850 CPU and is not a necessary part 
of the memory addressing logic sequence within a PSU. 
Address decoding is identical, whether originating In PCq or 

DCq. 

The PCo, PCi, and DCq are loaded from two consecutive 
single-byte inputs on the data bus; PCi and DCq are trans- 
mitted as two single-byte outputs on the data bus. The con- 
tents of DCq and DCi of F3856 can be exchanged In one 
Instruction. 

Stack register PCi is a buffer for program counter PCq; the 
contents of PCi are never used directly to address memory. 
When an Interrupt is acknowledged, the contents of PCq are 
saved In PCi. 

Page Select and Address Select Registers 

All memory addresses are 16 bits wide, whether originating 
in the program counter or in the data counter. Address 
decode logic within the PSU separates the 16-blt address 
Into two portions: the low order addresses the ROM storage 
bytes; the high order addresses the page. 





High-Order 
Byte Address 


Low-Order 
Page Address 


F3851 


1024 Byte Select 
6 Bits 


64 Page Options 
10 Bits 


F3856 


2048 Byte Select 
5 Bits 


32 Page Options 
11 Bits 



If the high-order bits of the address coincide exactly with 
the page select mask, an enable signal is generated, caus- 
ing the PSU logic to respond to a memory access request. If 
the high-order bits of the address do not coincide exactly 
with the page select, no enabling signal is generated and 
the PSU does not respond to memory access requests. 

The page select register identifies the memory addressing 
space of the individual PSU device. Each of the 32 (or 64) 
page select options allowed by the 5-bit (or 6-bit) page 
select register identifies a single address space consisting 
of 2048 (or 1024) continguous memory addresses. 

Incrementer Adder Logic 

There are only two arithmetic operations that memory 
devices need to perform on the contents of memory address 
registers: 

1. Increment by 1 the 16-bit value stored in address PCq or 

DCq. 

2. Add an 8-bit value, treated as a signed binary number 
(subject to twos complement arithmetic) to the 16-bit 
value stored In an address register, if the 8-bit value is 
being treated as a signed binary number, the high-order 
bit of the 8-bit value is the sign bit; the sign bit must be 
propagated through the missing high-order eight bits. 

The PSU control unit implements the Incrementer adder 
logic through control signals internal to PSU device logic. 

Addressing Consistency in Multiple 
Memory Devices 

When an ROMC state specifies a memory access, only one 
memory device responds to the memory access operation 
itself. However, every memory device responds to ROMC 
states that call for modifying the contents of a program 
counter or data counter register. Providing every memory 
device that is connected to the 8-bit data bus of an F3850 
CPU is also connected to the ROMC control lines of the 
same CPU, address contentions cannot arise. Every memory 
device simultaneously receives the same ROMC state sig- 
nals from the CPU; every memory device responds to ROMC 
states by identically modifying the contents of memory 
address registers. If such modifications are specified. 
Therefore, every PCq register on every memory device 
always contains identical Information; the same Is true for 
DCo and PCi registers. 

Only one memory device (the one whose address space 
includes the specified memory address) actually responds 
to any memory access request. To avoid addressing con- 
flicts, it is only necessary to ensure that the following 
conditions exist: 
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The PSU Input and output signals are descrit)ed in table 1. 
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Table 1 PSU Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Cloclc 

WRITE 


8 

7 


Clock 


The two clock input signals that originate at the 
F3850 CPU. 


I/O Ports 

I/O Ao-l/0 A7 

I/O Bo-l/0 B7 


19,24,25, 
30,31,36, 
37,2 

20, 23, 26, 
29,31,35, 
38,1 


I/O Ports A 
I/O Ports B 


Bidirectional ports through which the PIO 
communicates with logic external to the 
microprocessor system. 


Control 

ROMC0-ROMC4 


17, 16, 15, 
14,13 


Read-Only 
Memory Control 


Input signals that originate at the F3850 CPU 
control internal functions of the PSU. 


Data Bus 

DB0-DB7 

DBDR 


21, 22, 27, 
28, 33, 34, 
39,40 

11 


Data Bus 
Data Bus Drive 


Bidirectional 3-state lines that link the PSU to all 
other devices within the microprocessor system. 

A low output, open-drain signal that indicates the 
data bus currently contains data flowing from the 
PSU. 


Strobe 

STROBE 


12 


Strobe 


This output signal provides a positive pulse 
whenl/0 port A is being read by an input instruc- 
tion or is being updated by an output instruction 
(F3856). 


Interrupt 

EXT INT 

INT REQ 

PRi IN 
PRI OUT 


5 
9 

10 
6 


External Interrupt 
Interrupt Request 

Priority In 
Priority Out 


A high-to-low transition on this input signal is 
interpreted as an interrupt request from an 
external device. 

This output signal is the INT REQ Input to the 
F3850 CPU; it must be out^ullow to interrupt the 
CPU, which occurs only if PRI IN Is low and PSU 
interrupt control logic is requesting an interrupt. 

Unless this input signal is low, the PSU does not 
set the InT REQ signal low in response to an 
interrupt. 

This output signal becomes the PRI IN signal to 
the next device in the interrupt-pricjrity daisy 
chain; it is output high unless the PRT1T5 signal is 
entering the PSU low and the PSU is not 
requesting an interrupt 


Power 

Vdd 
Vgg 
Vss 


4 

3 

18 


Power Supply 
Power Supply 
Ground 


-h5V±5% 

+12 V ±5% 

System ground — V; Vpo and Vqg are referenced 

to Vss- 
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1. All memory devices must receive the same ROMC state 
signals from one CPU and must contain identical 
information. 



ROMC States 

Table 2 lists the data bus contents as a function of ROMC 
states. 



2. Page select masks must not be duplicated — more than 
one memory device cannot have the same memory 
space. 

3. The memory address contained in the specified register 
(PCo or DCo) must be within the memory space of at 
least one memory device. 



Instruction Execution 

The PSU responds to signals that are output by the F3850 
CPU in the course of implementing instruction cycles. Refer 
to table 2 for a summary of the data bus response to the 
ROMC states generated by the CPU. 

Data Output by the PSU 

Figure 3 provides timing when the PSU outputs data on the 



Figure 3 Data Bus Timing 



DATA BUS OUTPUT 



DBDR 
(START OF DATA OUT) 



DBDR 

(END OF DATA OUT 

IN SUBSEQUENT CYCLE) 



DATA BUS INPUT 
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data bus. This timing applies whenever a PSU is the data 
source. The PSU places data on the data bus, even in the 



worst case, in time for the setup required by any F3850 CPU 
destination (refer to the F3850 CPU data sheet). 



Table 2 Data Bus Contents as a Function of the ROMC State 



ROMC State 


If F3851/F3856 PSU is the Source* 


If F3850 CPU is the Source 


(Hex) 


Description of Data 


Address** 


Description of Data 


00 


Instruction 


PCo 




01 


Offset for branch 


PCo 




02 


Operand 


DCo 




03 


Operand 


PCo 




04 








05 






Byte to be stored 


06 


Upper byte, DCq 






07 


Upper byte, PCi 






08 






= 00 for PCo 


09 


Lower byte, DCq 






OA 






Offset for DCo 


OB 


Lower byte, PCi 






OC 


Byte for PCq, lower 


PCo 




OD 








OE 


Byte for DCq, lower 


PCo 




OF 


Lower byte of interrupt vector if it is source of 
the interrupt 






10 








11 


Byte for DCq, upper 


PCo 




12 






Byte for PCq, lower 


13 


Upper byte of interrupt vector If it is source of 
the interrupt 






14 






Byte for PCo, upper 


15 






Byte for PC-i, upper 


16 






Byte for DCo, upper 


17 






Byte for PCo, lower 


18 






Byte for PCi, lower 


19 






Byte for DCo, lower 


1A 






Byte for selected I/O port 


IB 


Byte from I/O register, if selected 






1C 






(Note 1) 


ID 








IE 


Lower byte, PCq 






IF 


Upper byte, PCq 








*Only drives the data bus within the segment of address space that belongs to the PSU. 
* *An entry in this column specifies the register from which a memory address was obtained. 

Notel 

During INS or OUTS instruction for port or 1: I/O byte 
During INS or OUTS instruction for port 4-F: I/O address 
During all other instructions, F3850 does not drive. 
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The data bus drive signal (DBDR) is low, while data o utput 
by the PSU is stable on the data bus. Thus, a DBDR low 
signal indicates that the data bus currently contains data 
flo wing fro m a PSU. For systems with more than one PSU, 
the DBDR outputs can be wIre-ORed an d the r esult used as 
a bus data flow direction indicator. The DBDR signal 
remains low until timing de lay tds into the instruction cycle 
following the one in which DBDR was set low. 

Data Input to the PSU 

When the PSU receives data off the data bus, in the worst 
case, the data must be added to a 16-bit number within the 
PSU adder/incrementer. This worst case corresponds to 
data coming from the accumulator of the CPU for an ADC 
instruction or from a memory device for a BR instruction. 
For this worst case, arriving data must allow sufficient time 
for 16-bit adder logic (time delay td4 in figure 3 identifies this 
worst -case timing). 

PSU Input/Output Interfacing 

The I/O ports with addresses XXXXXXOO and XXXXXX01 
POOCXXX is the 6-blt I/O port address select) are used to 
transmit data between the PSU and external devices. The IN 
and INS Instructions cause data at the I/O ports to be trans- 
mitted to the CPU; the OUT and OUTS instructions cause 
data in the CPU accumulator to be loaded into an I/O port. 
Each I/O pin has an output latch that holds the pin DC data. 

Input and output operations using the two PSU I/O ports 
execute in three instruction cycles. During the first cycle, 
the port address is transmitted to the data bus. During the 
second cycle, data is either sent from the accumulator to 
the I/O latch or enabled from the I/O pin to the accumulator, 
depending on whether the mstruction is an output or an 
input. At the falling edge of the WRITE signal (marking the 
end of the second cycle and beginning of the third cycle), 
the data is strobed into either the latch (OUTS) or the 
accumulator (INS), respectively. The third cycle is then used 
by the CPU for its next instruction fetch. 

I/O Port Options 

Data bus timing associated with the execution of I/O 
instructions does not differ from data bus timing associated 
with any other data transfer to or from the PSU. However, 
timing at the I/O port itself depends on which port option is 
being used. Figures 4, 5, and 6 illustrate the three port 
options; figure 7 illustrates timing for the three cases. 

Standard Pull-Up Configuration (Figure 4)— AW I/O port bits 
should be set for a high level, before data input, to prevent 
incoming logic Os from being masked by logic Is preset at 
the port from previous outputs. In some instances, the abil- 
ity to mask bits of a port to logic 1 is useful. (Note that logic 
1 becomes a V electrical level at the I/O pin; logic cor- 
responds to a high electrical level.) 



Each I/O port pin is a wire-AND structure between an inter- 
nal latch and an external signal, if any. The latch is always 
loaded directly from the accumulator. Each I/O pin is set 
high or low under program control. If a 1 (high) is presented 
at the latch, gate (b) turns on and gate (a) turns off, so that 
P is at Vss (low). If a (low) is presented at the latch, gate (a) 
turns on and gate (b) turns off, so that P Is at Vdd (high). 

When data is output through an I/O port, the pin is connect- 
ed directly to a standard TTL gate input. Data is input to the 
pin from a TTL output. In normal operation, high or low 
levels at P drive the external TTL device input transistor 
(d). If a low level is set at P, transistor (d) conducts current 
through the path J, I, P, and FET (b). This Is transferred as 
a low level to the rest of the circuits in the TTL device and 
results In a high or low level at the output of the device, 
depending on its characteristics. If the level at P is set high, 
transistor (d) cuts off and a high level is transferred by (d). 
When data is Input to the I/O pin, a high or low signal at the 
pin transfers a logic 1 or to the accumulator. 

Since the I/O pin and the TTL device output at are wire- 
ANDed, it is possible for the state of one to affect the trans- 
fer of data out from the I/O pin or in from the TTL device 
output. For example, if the latch in the I/O port is set so that 
the pin Is clamped low by (b), the level at cannot pull P 
high. Conversely, if P is clamped to a low level by (c), setting 
the latch for a high level has no effect. 

Open-Drain Configuration (Figure 5;— When the I/O port is 
configured as shown in figure 5, the drain connection of 
FET (a) is open, i.e., not connected to Vqd through a pull-up 
transistor. This option is most useful in applications where 
several signals (possibly several I/O port lines) are to be 
wire-ORed together. A common external pull-up, Rl, is used 
to establish the logic 1 levels. Another advantage of this 
option is that the output (point Y) can be tied through a pull- 
up resistor to a voltage higher than Vpo (clear up to Vqg) for 
interfacing to external circuits requiring a higher logic 1 
level than Vdd provides. 

If a high level is present at point X (coming from the port 
latch), FET (a) will conduct and pull point Y to a low level by 
current flow through Rl- This low level at Y causes transis- 
tor (b) to turn on and present a low level to the input TTL 
circuit. 

If a low level Is present at X, FET (a) turns off and point Y is 
pulled toward Vdd by Rl- This causes transistor (b) to turn 
off and present a high level to the internal TTL circuits. 

When data is input, a high level at the base of transistor (c) 
causes (c) to conduct and pull point Y low, with current flow 
through Tl- This transfers a high level to the internal I/O port 
logic through Inverting action by the hysteresis circuit. If a 
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Figure 4 Standard Pull-Up Configuration 
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HYSTERESIS CIRCUrT 



.J 




TTL DEVICE INPUT 



_iL. 




^ (c) 

I TTL DEVICE OUTPUT 
[(OPEN-COLLECTOR) 



Figure 5 Open-Drain Configuration 
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■< 
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CIRCUIT 
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L 



TTL OUTPUT 



Figure 6 Driver Pull-Up Configuration 

I/O PORT Vdd 




low level is present at the base of (c), conduction stops and 
point Y is pulled toward Vdd by Rl- This is then transferred 
as a low level to internal I/O port logic through the hystere- 
sis circuit. 

Driver Pull-Up Configuration (Figure 6}— Figure 6 shows the 
I/O port driver pull-up option used to drive an LED indicator. 
This application is typical of a front-panel address or data 
display, where a row of LED indicators shows the logic 
state at each pin of an I/O port. 

A high level at X turns FET (b) on and (a) off, providing a 
path for current through resistor R from the base of transis- 
tor (c). This stops (c) from conducting and the LED does not 
light. If a low level is present at X, (b) turns off and (a) turns 
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on, providing a path for current from Vqd through (a) to R. 
This current through R turns on (c), which causes the LED to 
conduct and be lighted. 

The three options for I/O port output configurations describ- 
ed above are provided to aid the designer in optimizing 
(minimizing) the system hardware for a particular applica- 
tion. The choice in configuration is specified as a mask 
option by the designer. 



During input instrucions, the trailing edge of the STROBE 
signal is used to indicate to the external device that the 
current data on the I/O port is read and new data can be 
changed. For example, if a shift register is connected to the 
I/O port, the trailing edge of the STROBE signal is used to 
advance the shift register. 

During output Instruction, the trailing edge of this STROBE 
signal Indicates that the new data on the I/O port latches is 
being changed. The output on the latches becomes true 
after typically 500 ns of the trailing edge of this signal. 



Figure 7 PSU I/O Port Timing 

Refer to the "Timing Characteristics" section for all signal 
characteristics. 
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F3856 I/O Strobe 

An additional output strobe signal Is provided on the F3856 
to Indicate the execution of an input or output instruction 
for the low address I/O port on the PSU circuit. (This Is port 
4 of the PSU circuit with the 4-7 address.) A pulse of the 
duration of the WRITE clock on the STROBE pin is provided 
at the end of the second cycle of the I/O Instruction for this 
port. Figure 8 shows the timing relationship of this output 
with respect to the execution being performed. 

Although this pulse appears for both input and output 
Instructions for this port, two different signals for Input only 
are derived from the external gating of the STROBE and 
ROMCq signals, as shown below. 



STROBE ■ 
ROMCo ■ 



■ OUTPUT ONLY 



L{>--=0 



F38S1 Programmable Timer 

The F3851 PSU has an 8-bit shift register, addressable as 
I/O port XXXXXX11, that can be used as a programmable 
timer (XXXXXX is the 6-bit I/O port address select, a PSU 
mask option). Figure 9 Illustrates the shift register logic and 
the exclusive-OR feedback path. 

Based on the logic illustrated In figure 9, binary values in 
the range through 254, when loaded into the timer, are 
converted into "timer counts." As shown in table 3, "timer 
contents" Is the actual binary value loaded into a timer, and 
"timer counts" is the corresponding number of time Inter- 
vals the timer takes to time out. Data cannot be read out of 
the programmable timer I/O port. 

As described in the Gw/de to Programming the F8 Micro- 
computer, an assembly-language program specifies timer 
counts, and the assembler converts timer counts into the 
binary value that must be loaded Into the programmable 
timer. This Is the value given under "Contents" in table 3. To 
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Figure 8 I/O Instruction Fetch and Strobe Timing 
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Figure 9 F3851 Timer Block Diagram 
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use a programmable timer, bypassing assembly-language 
programming, load the programmable timer with the value 
given uncjer "Contents" in table 3 to time out after the num- 
ber of intervals given uncjer "Counts." 

It is also possible to write small subroutines that calculate 
time values one count faster or slower than a given value. 
Such subroutines would be used if programmed delays are 
required. 

The OUT or OUTS instruction is used to load timer counts 
into the programmable timer. The contents of the program- 
mable timer cannot be read using an IN or INS instruction. 
The timer times out after a time interval given by the prod- 
uct (period of + clock x (timer counts) x 31). For example, a 
value of 200 (11001000, or N'OSO loaded into the program- 
mable timer becomes 215 timer counts. The timer, therefore, 
times out in 3.33 ms, if the period of clock signal + is 500 ns. 

A value of 255 {H'Ff) loaded into a programmable timer 
stops the timer. 



All timers run continuously, unless they have been stopped 
by loading H'FF' into the timer. Upon timing out, the timer 
transmits an interrupt request to the Interrupt logic. If 
proper interrupt logic conditions exist, the ti mer interr upt 
request is passed on to the CPU through the INT REQ 
signal. 

After a programmable timer has timed out, it again times 
out after 255 timer counts; therefore, If the programmable 
timer is left running, it times out every 7905 + clock periods, 
or every 3.953 ms for a 500 ns clock. 

If the timer is actually loaded with a zero value, it times out 
In 24 counts, whereas, once it has timed out, it next times 
out In 255 counts; i.e., a time-out is not the same thing as 
counting down to zero. 

When the timer and timer interrupt are being set to time a 
new interval, the timer is always loaded before enabling the 
timer interrupt. Loading the timer clears any pending timer 
interrupts. When the timer interrupt Is enabled, any pending 
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timer interrupt is acl<nowledged and forwarded to tiie CPU. 
Since tlie timer runs continuously, unless stopped under 
program control, enabling the timer before loading a time 
count can cause errors. Prior time-outs of the timer are 
latched in the interrupt logic of the PSU, even while timer 
interrupts are disabled. When the timer is enabled, an 
immediate interrupt acknowledge occurs If, by chance, the 
continuous-running timer happens to time out while timer 
interrupts are disabled. 

If the timer is loaded just before enabling timer interrupts, 
loading the timer clears pending timer interrupts. Now a 
spurious interrupt request does not exist when the timer 
interrupt is enabled. 

Figure 10 illustrates a possible signal sequence for a timer 
that Is initially loaded with 200, then allowed to run con- 
tinuously. 



F3851 Interrupt Control Register 

The interrupt control register (ICR) has the I/O port address 
XXXXXX10 (where XXXXXX is the 6-bit I/O port address 
select). Data is loaded Into this register (I/O port) using an 
OUT or OUTS instruction. Data cannot be read out of this 
register. The contents of the ICR are interpreted as follows: 

Contents of I/O Port Interpretation 



BOOCXXXXOO' 

exocxxxor 

BXCXXXXIO' 
BOOCXXXXH' 



Disable all interrupts 
Enable external interrupt, 
disable timer Interrupt 
Disable all interrupts 
Disable external interrupt, 
enable timer interrupt 



Figure 10 Time-Out and Interrupt Request Timing 






A - 200 LOADED INTO TIMER 
B — FIRST TIME OUT 

C - SECOND AND SUBSEQUENT TIME-OUTS 
D — INTERRUPT SERVICE ROUTINES BEING ENTERED BY CPU 
ll, l2, I3 - INTERVALS BETWEEN TIMEOUT INTERRUPT REQUEST REACHING 
INTERRUPT LOGIC AND SERVICE ROUTINES BEING ENTERED BY CPU 



Table 3 F3851 Timer Counts 

Contents Counts 

of to 

Counter Interrupt 



Contents 

of 
Counter 



Counts 

to 
Interrupt 



Contents 

of 
Counter 



Counts 

to 
Interrupt 



Contents 

of 
Counter 



Counts 

to 
Interrupt 



FE 


254 


4D 


189 




02 


124 


9F 


59 


FD 


253 


9A 


188 




A5 


123 


3D 


58 


FB 


252 


34 


187 




4B 


122 


7C 


57 


F7 


251 


69 


186 




96 


121 


F8 


56 


EE 


250 


D3 


185 




2D 


120 


F1 


55 


DC 


249 


A7 


184 




5B 


119 


E2 


54 


B8 


248 


4F 


183 




B7 


118 


05 


53 


71 


247 


9E 


182 




6E 


117 


8A 


52 


E3 


246 


30 


181 




DD 


116 


15 


51 


07 


245 


78 


180 




BA 


115 


2A 


50 
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Table 3 F3851 Timer Counts 


8E 


244 


FO 


179 


75 


114 


55 


49 


1D 


243 


EO 


178 


EB 


113 


AA 


48 


3B 


242 


C1 


177 


D6 


112 


54 


47 


76 


241 


82 


176 


AD 


111 


A8 


46 


ED 


240 


04 


175 


5A 


110 


50 


45 


DA 


239 


06 


174 


85 


109 


AO 


44 


B4 


238 


12 


173 


6A 


108 


41 


43 


68 


237 


24 


172 


D5 


107 


83 


42 


D1 


236 


48 


171 


AB 


106 


06 


41 


A3 


235 


90 


170 


56 


105 


OD 


40 


47 


234 


21 


169 


AC 


104 


1A 


39 


8F 


233 


42 


168 


58 


103 


35 


38 


1F 


232 


84 


167 


B1 


102 


6B 


37 


3F 


231 


°A 


166 


62 


101 


D7 


36 


7E 


230 


14 


165 


C4 


100 


AF 


35 


PC 


229 


28 


164 


88 


99 


5E 


34 


F9 


228 


51 


163 


11 


98 


BD 


33 


F3 


227 


A2 


162 


22 


97 


7B 


32 


E6 


226 


45 


161 


44 


96 


F6 


31 


CD 


225 


8B 


160 


89 


95 


EC 


30 


9B 


224 


17 


159 


13 


94 


D8 


29 


36 


223 


2E 


158 


26 


93 


BO 


28 


6D 


222 


5D 


157 


4C 


92 


60 


27 


DB 


221 


BB 


156 


98 


91 


CO 


26 


B6 


220 


77 


155 


30 


90 


80 


25 


6C 


219 


EF 


154 


61 


89 


00 


24 


D9 


218 


DE 


153 


C2 


88 


01 


23 


B2 


217 


BC 


152 


84 


87 


03 


22 


64 


216 


79 


151 


03 


86 


07 


21 


C8 


215 


F2 


150 


10 


85 


OF 


20 


91 


214 


E4 


149 


20 


84 


IE 


19 


23 


213 


C9 


148 


40 


83 


3D 


18 


46 


212 


93 


147 


81 


82 


7A 


17 


8D 


211 


27 


146 


02 


81 


F4 


16 


1B 


210 


4E 


145 


05 


80 


E8 


15 


37 


209 


9C 


144 


OB 


79 


DO 


14 


6F 


208 


38 


143 


16 


78 


A1 


13 


DF 


207 


70 


142 


2C 


77 


43 


12 


BE 


206 


El 


141 


59 


76 


87 


11 


7D 


205 


C3 


140 


B3 


75 


OE 


10 


FA 


204 


86 


139 


66 


74 


1C 


9 


F5 


203 


OC 


138 


CC 


73 


39 


8 


EA 


202 


18 


137 


99 


72 


72 


7 


D4 


201 


31 


136 


32 


71 


E5 


6 


A9 


200 


63 


135 


65 


70 


CB 


5 


52 


199 


C6 


134 


CA 


69 


97 


4 


A4 


198 


8C 


133 


95 


68 


2F 


3 


49 


197 


19 


132 


2B 


67 


5F 


2 


92 


196 


33 


131 


57 


66 


BF 


1 


25 


195 


67 


130 


AE 


65 


7F 





4A 


194 


CE 


129 


5C 


64 


FE 


254 


94 


193 


9D 


128 


B9 


63 






29 


192 


3A 


127 


73 


62 






53 


191 


74 


126 


E7 


61 






A6 


190 


E9 


125 


CF 


60 
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In these I/O port contents definitions, X represents "don't 
care" binary digits. 

F3856 Timer and Interrupt Control Registers 

The F3856 logic responds to an interrupt request that can 
originate Internally from the timer logic or from Input by an 
external device, or from the pulse width measurement cir- 
cuits. Interrupt functions present In the F3856 Include the 
ability to program the active transition of the external inter- 
rupt, the ability to have both the timer and the external 
interrupts active at the same time, and the ability to mea- 
sure pulse width of an external signal. 

The timer Is an 8-blt binary count-down register that is used 
in conjunction with Interrupt logic to generate real-time 
intervals, to measure elapsed time between two eve nts, or 
to measure a pulse width appearing on the EXT INT signal. 
The timer is selected to run in one of four values provided 
by the prescaler and can be made to start counting or stop 
counting under program control. Also, the timer contents 
can be read back under program control. 

A zero-detect circuit in the timer detects transitions from a 
one-count to a zero-count and provides a signal to the inter- 
rupt circuits. If all other conditions are satisfied, interrupt 
circuits, after receiving this signal, request an interrupt 
service from the CPU. 

An external interrupt can be selected under program control 
to detect the falling or rising edge of the signal. The active 
edge is determined by the contents In a bit In the interrupt 
control register. 

Both Interrupts can be enabled at the same time. When 
both Interrupts are enabled, they are serviced on a first- 
come, first-served basis. For example, if the timer Interrupt 
arrives later than the unserviced external interrupt, the 
external interrupt Is serviced first, and the timer interrupt 
remains stored until it is serviced or cleared, if both 
interrupts arrive at the same cycle, the timer Interrupt is 
handled first. 

The internal timer register (TR) and Interrupt control register 
(ICR) are associated with the two high address ports. The 
TR, depending on various functions, is in one of two modes: 
stationary or run. In the stationary mode, the contents of the 
TR remain unaffected. In the run mode, the TR is a binary 
count-down register, which decrements every 2, 8, 32, or 128 
+ clock time, depending on the value of the two prescaler 
bits on the ICR. A circuit detects the one-count-to-zero-count 
transition of the register and stores it in a flip-flop for 
interrupt purposes. This flip-flop is cleared any time a new 
value is loaded Into TR. 



The flip-flop Is not cleared by a loading of ICR. While count- 
ing, the timer jumps from all-zero value to all-one value and, 
depending on prescaler values, provides an interrupt period 
of every 512, 2048, 8192, or 32768 ^ clocks. 

If the timer is in the run mode and the ICR is set for a 
prescaler value of 2 at the time a value of 2 or 1 Is loaded 
into the TR, the next transition from a one-count to a zero- 
count Is not detected. 

F3856 Interrupt Control Register Configuration 

The ICR is a 7-bit register used to define various modes of 
interrupt, the value of the prescaler, and external pulse 
width measurement. This register is loaded by output in- 
structions; no provision is made to read the contents of this 
register. The ICR, along with the I/O ports on the F3856, is 
reset to zero during the reset sequence. 

The configuration of this register is shown In figure 11. 



Figure 11 F3856 ICR Configuration 
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■- LOCAL INTERRUPT CONTROL BITS 
L PRESCALER CONTROL BITS 
START/STOP BIT 
>- EDGE DETECT BIT 
L EXTERNAL PULSE WIDTH MODE 



Local Interrupt Control (Bits 0-1)—-These modes define 
the interrupt state of the timer and external interrupts 
(see table 4). 

Table 4 F3856 Timer and External Interrupt Modes 



Biti 


BitO 


Function 




1 

1 




1 


1 


No Interrupt 

Enable External Interrupt Only 

Enable Both External and Timer 

Interrupts 

Enable Timer Interrupt Only 



Prescaler Control (Bits 2-3;— These bits define one of the 
four different prescalers for the timer (refer to table 5). 
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Table 5 F3856 Timer Prescaler Modes 



Bits 


Bit 2 


Prescaier 
Vaiue 


Timer 
Resoiution 
at 2 iVIHz 


Timer 

Period 

at 2 IMHz 


1 
1 




1 



1 


2 

8 

32 

128 


1ms 

4 MS 

16 MS 

64 MS 


256 ms 

1.024 ms 

4.095 ms 

16.384 ms 



Start-Stop Timer (Bit 4;— This bit controls the TR. When at 

0, the TR is in the run mode; when at 1, the TR is in the sta- 
tionary mode. 

Edge Detec t Control (Bit 5;— This bit defines the active 
edge of the EXT INT input signal as the source during 
external interrupts. When this bit is at 0, the falling edge is 
active; when it is at 1, the rising edge is active. 

External Pulse Width Mode (Bit 6;— When this bit is at 0, no 
special function is performed and the interrupts and timer 
circuits are controlled by bits through 5 of the ICR. How- 
ever, when this bit is at 1, the special function of pulse 
width measurement is performed. 

Puise Width IMeasurement 

The following procedure is used to measure pulse width for 
the F3856 PSU (refer to figure 12). 

1. Before the pulse arrives, set the ICR as follows: 

a. Set the external pulse width mode bit to 1. 

b. Set the edge detect bit to 1 for a negative pulse or 
to for a positive pulse. 

c. Set the start/stop bit to 1 (stop mode). 

d. Set the prescaler bits to the value of prescaler 
desired. 

e. Set the interrupt bits to turn on both Interrupts. 



2. Load TR with an initial value. 

3. As soon as the pulse arrives, the timer starts counting 
and provides the timer interrupts at zero crossing. 

4. At the end of the pulse, the timer stops counting and 
provides an external interrupt, indicating the end of the 
pulse. The timer contents cart now be read under pro- 
gram control for calculating the pulse width. 

In this procedure, both interrupts are enabled. It is possible 
to disable one or both interrupts. If the external Interrupt is 
not enabled, the timer stops at the end of the pulse. How- 
ever, some means of indication are necessary to detect thei 
end of the pulse to the main program. If the timer interrupt 
is not enabled, the timer zero crossing is not detected. If the 
pulse duration is always short, such that the timer Is 
stopped before reaching zero, it is not necessary to enable 
the timer interrupt. 

When the timer is loaded with a zero count, the timer inter- 
rupt does not occur immediately, although the timer is a 
zero-count. The timer Interrupt occurs only after the one-to- 
zero transition during the countdown. Hence, when the 
timer is loaded with a zero count, the timer interrupt occurs 
after 256 timer counts. 

This feature of being able to load a zero count in the timer 
without getting interrupted allows the programmer to have 
complete control over the timer count and is also useful 
during the pulse width measurement mode. 

During reset procedures, the ICR is loaded with zero, which 
disables the local i nterrupt co ntrols and establishes the 
trailing edge of the EXT REQ input signal as the active edge 
for the external interrupt. The active edge of the external 
signal can be changed by bit 5 of the ICR. However, when 
this bit Is changed, and the level appearing on the external 
signals is of the same level as the one obtained after the 
new active edge, an external interrupt is generated. For 
example, when chartging the active edge of the external sig- 
nal from trailing edge to rising edge under program control, 
if the external signal is already at a high level, an Interrupt 
is generated. 




Figure 12 F3856 Puise Width IVIeasurement 



SETUP 
REGISTERS 



TIMER STARTS TIMER INTERRUP" 



EDGE DETECT BIT = 1 



EDGE DETECT 
BIT=0 



> 



TIMER STOPS 



3-45 



F3851 



If such interrupts are undesirable, an additional step is nec- 
essary to disable the local external interrupt control during 
the change of ICR bit 5. For example, when loading the ICR 
for the change of direction, the external interrupt control 
can be disabled with the same instruction, and the next 
instruction can then enable it. 

Note that the feature of generating an interrupt by changing 
bit 5 of the ICR can be used for software (program-gener- 
ated) Interrupts. 

PSU Interrupt Handling 

A typical F8 system interrupt interconnection is shown in 
figure 13. Each PSU and PIO has a PR! IN and a PRl OUT 
line so that they can be daisy-chained together in any order 
to form a priority level of interrupts. Depending on the con- 
tents of the ICR, the Interrupt control logic can be accepting 
timer interrupts or external interrupts, or neither, but never 
both. 

Figure 14 is a diagram of the PSU interrupt logic. Between 
the E XT INT input signal or the time-out input an d the INT 
REQ output signal, there are three flip-flops. The EXT INT 
signal and the time-out Interrupt input each have a synchro- 
nizing flip-flop and edge detect logic. 

Each edge detect clock is followed by its own interrupt flip- 
flop that latches the true condition. 

The outputs of the timer interrupt flip-flop and the external 
interrupt flip-flop are ORed to set the service request flip- 
flop, providing that an interrupt from some other PSU is not 
being acknowledged. 

The INT REQ signal is the NAND of priority Input and serv- 
ice request. This Is an open-drain signal. The INT REQ" sig- 
nal of several PSUs can be tied together so that any one 
can force the line to V if it is requesting interrupt service; 
a pul l-up to Vdd is provided by the F3850 CPU to the INT 
REQ input pin. 

The PRl JN signal Is part of the interrupt priority chain. The 
chain begins by a strap to Vss- Each device In the chain has 
a PR l IN input signal and a PRl OUT output signal. The PRl 
OUT signal of the PSU is active (0 V) only If the PRl IN 
signal is active (0 V ) and service request is inactive This 
means that the PRl OUT and InT Re3 signals are always at 
opposite levels. The PRl OUT signal becomes the PRl IN sig- 
nal for the next device In the Interrupt priority daisy chain, if 
there is one. The function of the priority daisy chain is to 
ensure that just one device at a time is requesting interrupt 
service. 



The service request flip-flop cannot become set if another 
Interrupt request is being acknowledged anywhere in the 
system. Rather, if an interrupt request has been latched into 
the timer interrupt flip-flop or the external interrupt flip-flop, 
the PSU logic waits until after the process of acknowledg- 
ing the other interrupt has been completed before setting 
the service request. This precaution is necessary to ensure 
that the priority chain is not altered during acknowledge- 
ment; an error would occur if one half of the interrupt vector 
came from one device and the second half from some other 
device. 

The service request flip-flop is cleared after an interrupt 
from the PSU has been acknowledged. It is also cleared 
whenever the interrupt control register for the PSU is 
accessed by an output instruction. 

The conditions for setting the timer interrupt flip-flop and 
the external interrupt flip-flop differ slightly. External inter- 
rupts must be enabled before the external Interr upt flip-f lop 
can be set by a negative-going transition of the EXT INT sig- 
nal. However, the timer interrupt flip-flop is set by a timer 
time-out independent of the timer interrupt enable bit. This 
means that the PSU can detect a time-out interrupt that is re- 
quested while the PSU was checking for external interrupts. 

The timer interrupt flip-flop is cleared whenever the PSU 
device timer is loaded or when its timer interrupt has been 
acknowledged. The external interrupt flip-flop is cleared 
whenever the device interrupt control register is accessed 
by an output instruction or when its external interrupt has 
been acknowledged. 

Interrupt Acknowledge Sequence 

Upon receiving an inter rupt requ est, whether from an exter- 
nal source through the EXT INT signal or from the internal 
timer, the PSU and CPU go through an interrupt sequence 
that ultimately results In the execution of an Interrupt 
service routine located at the memory address indicated by 
the interrupt address vector. Figures 15 and 16 illustrate the 
interrupt sequences for the two cases. Events occurring in 
these sequences are labeled A through H. 

Eve/7M— T he initial interrupt request arrives. The falling 
edge of the EXT INT pin identifies an external Interrupt. The 
rising edge of the Interval timer output indicates a time-out. 

Event B— The synchronizing flip-flop In the PSU control 
logic changes state. 

Event C— The timer or external Interrupt flip-flop goes true, 
indicating the local interrupt logic acknowledgement of the 
interrupt. The timer Interrupt flip-flop always responds and 
saves the time-out occurrence, whereas the external Inter- 
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Figure 13 F8 System Interrupt Interconnection 
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Figure 14 Conceptual Illustration of F3851 PSU Interrupt Logic 
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rupt flip-flop is set at this time only if the external interrupt 
mode is enabled within the local control logic. 

Event D— The INT REQ line is pulled low by the PSU, 
passing the request for servicing on to the CPU. The follow- 
ing conditions must be present for this to occur: 

1. The PR! IN pin must be low. 

2. The proper enable state must exist in the local con- 
trol logic for the type of interrupt (timer or external). 

3. The system is not already into Event F because of 
servicing some other interrupt. 

Even t E—The CPU now begins Its response to the InT 
REQ line by transmitting the unique ROMC state H'10'. 

This occurs only when the following conditions are 
satisfied: 

1. The CPU is executing the last cycle of an instruction 

(beginning an instruction fetch). 

2. The ICB is enabled (ICB = 0). 



3. The current instruction fetch Is not protected. 

Event F— The CPU generates the interrupt acknowledge 
sequence of ROMC states. 

Event G— At this point, the CPU begins fetching the first 
instruction of the interrupt service routine. In the PSU Inter- 
rupt logic, the service request flip-flop and the appropriate 
interrupt request flip-flop have been cleared. 

Event H— The CPU begins executing the first instruction of 
the Interrupt service routine. 

Intermpt Address Vector 

During the interrupt acknowledge, the interrupting PSU pro- 
vides a 16-blt interrupt address vector (refer to figure 17). 
The CPU causes this vector to be loaded into PCq so that 
program execution can branch to the routine that handles 
this particular Interrupt. Fifteen bits of the interrupt vector 
are specified as a mask option. Bit 7 cannot be masked; it 
Is set by the Interrupt control logic to if the timer Interrupt 
Is enabled or to 1 if the external Interrupt is enabled. 



Figure 15 Timer Interrupt Sequence 



WRITE CLOCK 



H D U U C 

II I 11 

J I <'^S) I I (L/S) I I (US) I |(L/S). .(S)| L 



G 

I 



(L) 



n .u n 



(S) 



-if- 



INT REQ (TO CPU) 



-»- 



ROMC STATE (FROM CPU) 



(US) ^ LONG OR SHORT CYCLE 

(L) ^ LONG CYCLE 

(S) ^ SHORT CYCLE 



3-48 



Figure 16 External Interrupt Sequence 



F3851 



WRITE CLOCK 



1 I I I I 

I I (L/S) I I (US) I I (US) I I (US) (S)| L 



n_j2L_n 




TIMER INT FF 



-ii- 



INT REQ (TO CPU) 



ROMC STATE (FROM CPU) 



-fh 



(US) ► LONG OR SHORT CYCLE 

(L) ► LONG CYCLE 

(S) ► SHORT CYCLE 



Figure 17 Interaipt Address Vector 
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Intermpt Signal Timing 

Timing for signals associated with the PSU interrupt logic is 
shown in figure 18. All signal characteristics are given in the 
timing characteristics section of this data sheet. 

Note: Timing measurements are made at valid logic level to 
valid logic level of the signals referenced unless otherwise 
noted. 
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Figure 18 PSU Interrupt Timing 
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Timing Characteristics 

The timing cliaracteristics of the PSU devices are described 
in table 6. The ac characteristics are Vss = V, Vdd = +5.0 V 
±5%, Vgg= +12 V ±5%, Ta = OX to +70^, unless other- 
wise specified. 

Tabie 6 PSU Signal Timing Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 1 


P+ 


+ Period 


0.5 




10 


MS 




PWi 


♦ Pulse Width 


180 




P+-180 


ns 


tr,tf = 50 ns typ. 


tdi,td2 


<t> to Write + Delay 






250 


ns 


Cl = 100pF 


td4 


WRITE to DB Input Delay 






2P<t> + 1.0 


MS 




PW2 


WRITE Pulse Width 


P<^-100 




P* 


ns 


tr, tf = 50 ns typ. 


PWs 


WRITE Period; Short 




4P^ 








PWl 


WRITE Period; Long 








ns 




tda 


WRITE to ROMC Delay 






550 


ns 




td7 


WRITE to DB Output Delay 
WRITE to DBDR- Delay 


2P<t»-f100-td2 


2P+-H200 


2P+-i-850-td2 


ns 


C,=100pF 


tds 


WRITE to DBDR + Delay 




200 




ns 


Open drain 


tri 


WRITE to INT REQ- Delay 






430 


ns 


Cl = 100pF<^) 


\X2 


WRITE to INT REQ + Delay 






430 


ns 


C|=100pF<3) 


tpri 


PRIINtolNTREQ-Delay 




200 




ns 


Cl = 100pF<2) 


tpdi, 
tpd2 
tpda. 
tpd4 


PRI IN to PR! OUT Delay 
WRITE to PRI OUT Delay 




800 
600 




ns 
ns 


Cl = 50pF 
Cl = 50pF 


tsp 


WRITE to Output Stable 






1.0 


MS 


Cl = 50 pF, standard pull-up<3) 


tod 


WRITE to Output Stable 






2.5 


MS 


CL = 50pF,RL = 12.5kQ, 
open drain<5) 


tdp 


WRITE to Output Stable 




200 


400 


ns 


Cl = 50 pF, driver pull-up 


tsu 


I/O Set-up Time 


1.3 






MS 




th 


I/O Hold Time 









ns 




tex 


EXT INT Set-up Time 


400 






ns 




tsBi 


WRITE to STROBE -H Delay 






5P+ + 300 


ns 


Cl = 50pF 


tsB2 


WRITE to STROBE -Delay 






6P+ + 410 


ns 


Cl = 50pF 




Notes 

1. Assume priority in was enabled (PRI IN =0) In the previous F8 cycle, before the interrupt is detected in the PSU. 

2. The PSU has an interru pt pe nding before priority in is enabled. 

3. Assume pin tied to INT REQ input of the F3850 CPU. 

4. Input and output capacitance is 3 to 5 pF, typical, on all pins except Vpo, Vqg. and Vss- 



DC Characteristics 

The do characteristics of the PSU devices are provided in tables 7 and 8. 



Supply Currents Vss = 0V, Vdd= +5 V±5%, Vgg= +12 V±5%,Ta = 0X, -h70"C 




SymlK)! Parameter Min. Typ. Max. Units 


Test Conditions 


Idd Vdd Current 28 60 mA 
Iqg Vqg Current 10 30 mA 


f = 2 MHz, outputs unloaded 
f = 2 MHz, outputs unloaded 
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Table 7 F3851 PSU DC Characteristics 



Symbol 


Parameter 


Signal 


Min. 


Max. 


Units 


Test Conditions 


V,H 


Input High Voltage 


Data Bus (DBq -DB7) 


2.9 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




VOH 


Output High Voltage 




3.9 


Vdd 


V 


Ioh=-100mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 1-6mA 


l|H 


Input High Current 






1.0 


mA 


ViN = Vdd» 3-state mode 


loL 


Input Low Current 






-1.0 


mA 


V|N = Vss. 3-state mode 


V,H 


Input High Voltage 


Clock Lines (♦. WRITE) 


4.0 


Vdd 


V 




V|L 


Input Low Voltage 




Vss 


0.8 


V 




II 


Leakage Current 






3.0 


mA 


V,n = Vdd 


V,H 


Input High Voltage 


Priority In and Control 


3.5 


Vdd 


V 




V|L 


Input Low Voltage 


Lines (PRI IN, ROMCo - 


Vss 


0.8 


V 




II 


Leakage Current 


ROMC4) 




3.0 


mA 


Vin=Vdd 


VoH 


Output High Voltage 


Priority out (PRI OUT) 


3.9 


Vdd 


V 


Ioh=-100mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iol = 100mA 


VoH 


Output High Voltage 


Interrupt Request 






V 


Open-drain output (^) 


Vol 


Output Low Voltage 


(INTREQ) 


Vss 


0.4 


V 


loL =1 nriA 


II 


Leakage Current 






3.0 


mA 


V|N =Vdd 


VoH 


Output High Voltage 


Data Bus Drive (DBDR) 








External pull-up 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL=2mA 


II 


Leakage Current 






3.0 


mA 


V,n = Vdd 


V,H 


Input High Voltage 


External Interrupt 


3.5 




V 


' 


V,L 


Input Low Voltage 


(EXT INT) 




0.8 


V 




V,c 


Input Clamp Voltage 






15 


V 


I,h = 185mA 


l|H 


Input High Current 






10 


mA 


V,n = Vdd 


l|L 


Input Low Current 






-225 


mA 


V,N=2V 


l|L 


Input Low Current 




-150 


-500 


mA 


V,N = Vss 


VoH 


Output High Voltage 


I/O Port Option A 


3.9(5) 


Vdd 


V 


loH=-30^ 


VoH 


Output High Voltage 


(Standard Pull-up) 


2.9 


Vdd 


V 


Ioh=~150mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 1.6 mA 


V|H 


Input High Voltage 




2.9(3) 


Vdd 


V 


Internal pull-up to Vdd^^^ 


V,L 


Input Low Voltage 




Vss 


0.8 


V 




II 


Leakage Current 






1.0 


mA 


V,n = Vdd 


l|L 


Input Low Current 






-1.6 


mA 


V,N = 0.4V(^) 


VoH 


Output High Voltage 


I/O Port Option B 








External pull-up 


Vol 


Output Low Voltage 


(Open Drain) 


Vss 


0.4 


V 


loL = 2mA 


V,H 


Input High Voltage 




2.9(3) 


Vdd 


V 


(3) 


V,L 


Input Low Voltage 




Vss 


0.8 


V 




l|L 


Leakage Current 






2.0 


mA 


V,N=+12V 


VoH 


Output High Voltage 


I/O Port Option C 


3.75 


Vdd 


V 


loH=-1 mA 


Vol 


Output Low Voltage 


(Driver Pull-up) 


Vss 


0.4 


V 


loL = 1.6 mA 



Notes 

1. Pull-up resistor to Vdd on CPU. 

2. Positive current is defined as conventional current flowing into the pin referenced. 

3. Hysteresis input circuit provides additional 0.3 V noise immunity while internal/external pull-up provides TTL compatibility. 

4. Measured while I/O port is outputting a high level. 

5. Guaranteed but not tested. 
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Symbol 


Parameter 


Signal 


Min. 


Max. 


Units 


Test Conditions 


V,H 


Input High Voltage 


Data Bus (DBq -DB7) 


2.9 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




VOH 


Output High Voltage 




3.9 


Vdd 


V 


loH=-100^ 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 1.6 mA 


l|H 


Input High Current 






3.0 


mA 


V|N = Vdd, 3-state mode 


loL 


Input Low Current 






-3.0 


mA 


ViN = Vss, 3-state mode 


V|H 


Input High Voltage 


Clock Lines (+, WRITE) 


4.0 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




«L 


Leakage Current 






3.0 


mA 


V,n = Vdd 


V|H 


Input High Voltage 


Priority In and Control 


3.5 


Vdd 


V 




V,L 


Input Low Voltage 


Lines (PRI IN, ROMCq - 


Vss 


0.8 


V 




II 


Leakage Current 


ROMC4) 




3.0 


mA 


V,N =Vdd 


VoH 


Output High Voltage 


Priority out (PRI OUT) 


3.9 


Vdd 


V 


loH= -100 mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iol = 100mA 


VoH 


Output High Voltage 


Interrupt Request 






V 


Open-drain output<^) 


Vol 


Output Low Voltage 


(INT REQ) 


Vss 


0.4 


V 


loL = 1.0 mA 


II 


Leakage Current 






3.0 


mA 


V,N =Vdd 


VoH 


Output High Voltage 


Data Bus Drive (DBDR) 








External pull-up 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 2.0mA 


"l 


Leakage Current 






3.0 


mA 


Vin = Vdd 


VoH 


Input High Voltage 


Strobe 


3.9 


Vdd 


V 


loH = 1-0mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 2.0 mA 


VlH 


Input High Voltage 


External Interrupt 


2.9 


Vdd 


V 


liN= -130 mA (internal pull-up) 


V.L 


Input Low Voltage 


(EXT INT) 


Vss 


0.8 


V 




l|L 


Input Low Current 






-1.6 


mA 


V|N =0.4 V 


VoH 


Output High Voltage 


I/O Port Option A 


3.9 


Vdd 


V 


Ioh=-30mA<5) 


VoH 


Output High Voltage 


(Standard Pull-up) 


2.9 


Vdd 


V 


Ioh=-150mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 1-6mA 


V,H 


Input High Voltage 




2.9 


Vdd 


V 


Internal pull-up to Vqd^^^ 


V,L 


Input Low Voltage 




Vss 


0.8 


V 




l|L 


Input Low Current 






-1.6 


mA 


V,N = 0.4V(4) 


VoH 


Output High Voltage 


I/O Port Option B 








External pull-up 


Vol 


Output Low Voltage 


(Open Drain) 


Vss 


0.4 


V 


loL = 2mA<3) 


V|H 


Input High Voltage 




2.9 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




VoH 


Output High Voltage 


I/O Port Option C 


4.0 


Vdd 


V 


loH= -1.0 mA 


Vol 


Output Low Voltage 


(Driver Pull-up) 


Vss 


0.4 


V 


loL = 2.0 mA 



Notes 

1. Pull-up resistor to Vqd on CPU. 

2. Positive current is defined as conventional current flowing Into the pin referenced. 

3. Hysteresis input circuit provides additional 0.3 V noise immunity while internal /externaf pull-up provides TTL compatibility. 

4. Measured while I/O port is outputting a high level. 

5. Guaranteed but not tested. 
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Mask Options 

The ROM array may contain object program code, tables of 
nonvarying data, or both. Every PSU is implemented using a 
custom mask that specifies the state of every ROM bit, as 
well as certain address mask options that are external to 
the ROM array. The following mask options are specified: 

1 . The 1024 or 2048 bytes of ROM storage. This reflects 
programs and permanent data table stored in the 
PSU memory. 



Thermal Resistance Values 



Plastic 

0JA (Junction to Ambient) = 60*'C/W (Still Air) 
0JC (Junction to Case) =42''C/W 

Ceramic 

0JA (Junction to Ambient) =48X/W (Still Air) 
eijc (Junction to Case) = 33°CI\N 



Recommended Operating Ranges 



2. The 5-bit or 6-bit page select. This defines the PSU 
address space. 

3. The 6-bit I/O port address select. This defines the 
four PSU I/O port addresses. 

4. The 16-bit Interrupt address vector, excluding bit 7. 

5. The I/O port output option. The choices are the standard 
pull-up (option A), the open-drain (option B), and the 
driver pull-up (option C). 

PSU Mask Option Formats 

The format for mask options must be submitted to Fairchlld 
Microprocessor Division before device manufacture. The 
data to be stored in permanent memory may be submitted 
in the form of an EPROM or HP2644/HP2645 cartridge 
(Formulator format only). Other options must be specified 
on the Fairchlld ROM Code Entry Form, available from a 
Fairchlld representative. 

Absolute Maximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those Indi- 
cated in this data sheet, is not implied. Exposure to the 
absolute maximum rating conditions for extended periods 
of time may affect device reliability, and exposure to 
stresses greater than those listed may cause permanent 
damage to the device. 



The recommended operating ranges of the PIO devices are 
shown below. 



Supply Voltage Vqg 
Supply Voltage Vdd 
I/O Port Open Drain Option 
External Interrupt Input (F3851) 
Other I/O Port Options 
All Inputs and Outputs 
Storage Temperature 
Operating Temperature 



-0.3 V, +15V 

-0.3 V, +7V 

-0.3V, +15V 

-600 mA, +225 mA 

-0.3 V, +7 V 

-0.3 V, +7V 

-55X, +150*^0 

O'^C, +70°C 



Symbol Parameter 



Min. 



Typ. 



Max. 



Vdd Supply Voltage 

Vqg Supply Voltage 

Vss Ground 



+4.75 V +5 V +5.25 V 
+ 11.4 V +12 V +12.6 V 
OV 



Ordering Information 


Part Number 


Package 


Temperature 
Range* 


F3851DC 


Ceramic 


C 


F3851DL 


Ceramic 


L 


F3851DM 


Ceramic 


M 


F3851PC 


Plastic 


C 


F3851PL 


Plastic 


L 


F3851PM 


Plastic 


M 


F3856DC 


Ceramic 


C 


F3856DL 


Ceramic 


L 


F3856DM 


Ceramic 


M 


F3856PC 


Plastic 


C 


F3856PL 


Plastic 


L 


F3856PM 


Plastic 


M 



*C = Commercial Temperature Range 0° to +70''C 
L = Limited Temperature Range -40°Cto +85°C 
M = IVIilitary Temperature Range -55°C to +125°C 
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F3852 

Dynamic Memory Interface (DMI)/ 

F3853 

Static Memory Interface (SMI) 



Microprocessor Product 



Description 

The Fairchild F3852 Dynamic Memory Interface (DMI) 
and F3853 Static Memory Interface (SMI) provide all 
interface logic needed to include up to 64K bytes of 
dynamic or static RAM in an F8 microcomputer system. 
In response to control signals output by the F3850 
Central Processing Unit (CPU), the F3852 DMI and F3853 
SMI generate address and control signals needed by 
standard static and dynamic RAM devices. 

The DMI and SMI, like all other F8 memory devices, 
contain their own memory address generation logic. 

The DMI and SMI are manufactured with N-channel, 
isoplanar MOS technology. Therefore, power dissipation 
Is very low, typically less than 335 mW. 

• Interface Logic for 64K Bytes of Dynamic or 
Static RAM 

• Four 16-Blt Registers for Addressing Logic 

• Generates Address and Control for Standard Static 
and Dynamic RAM Devices 

• DMA and Memory Refresh (F3852) 

• Programmable Timer (F3853) 

• N-channel Isoplanar MOS Technology 

• Power Dissipation < 335 m W 

The F3852 DMI automatically refreshes dynamic RAM 
and provides interface logic to support the F3854 Direct 
Memory Access Controller (DMAC) (see Figure 1). The 
DMI may control static memory, in which case refresh 
would not be necessary. If I/O port OD (or ED) is set to 
01, turning off DMA and memory refresh, the DMI has the 
characteristics of an SMI. Static RAM may be accessed 
via DMA if the control port is set to 00 and the data bus 
is properly buffered, as in any DMA system. 

The F3852 DMI refresh logic is not implemented on the 
F3853 SMI; therefore, the SMI cannot support DMA, 
because memory refresh and DMA logic are 
interdependent. Since the SMI has no memory refresh or 
DMA logic, it includes a programmable timer and 
interrupt control circuitry (refer to Figure 2). 

An F8 system is initialized by power-on, or by the EXT 
RESET line being pulsed low at the CPU. When an F8 
system is initialized, DMA is turned off and memory 
refresh is on, with refresh every fourth cycle selected. 
Contents of all other registers are indeterminate; 
reading control port OD (or ED) also gives indeterminate 
results, although the DMA/refresh state of the DMI has 
been initialized. 



Connection Diagram 



40-Pln DIP 




■v>^ 



40 


3 VdD 


39 


;] R0MC4 


38 


3 R0MC3 


37 


jj R0MC2 


36 


J R0MC1 


35 


J ROMCo 


34 


^ CPU READ 


33 


^ REGDR 


32 


"J ADDR15 


31 


3 ADDR14 


30 


J ADDR13 


29 


3 ADDR12 


28 


J ADDR11 


27 


3 ADDR10 


26 


3 ADDR9 


25 


3 ADDRa 


24 


Jdb/ 


23 


[^DBe 


22 


Jdbs 


21 


JdB4 
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Signal Functions 



ADDRESS . 



ADDRo 

ADDRi 

ADDR2 

ADDR3 

ADDR4 

ADDRs 

ADDRe 

ADDR7 

ADDRs 

ADDR9 

ADDR10 

AODR11 

ADDR12 

ADDR13 

ADDR14 

ADDRis 

Vdd 
Vgg 
Vss 



DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 
DB7 



MEMIDLE/ 
INT REQ 



CYCL E REQ/ 

pmm 



C PU SLOT/ 
EXT INT 



ROMCo 
ROMC1 
ROMC2 
ROMC3 
ROMC4 



TIMING/ 
INTERRUPT 



Device Organization 

Refer to the logic organization diagrams {Figures 1 and 2) 
for the following discussion of device organization. 

Program Counter, Data Counter, and Stacl( Register 

Addressing logic for both the DMI and SMI consists of 
four 16-bit registers: program counter POO, data counters 
DCO and DC1, and stack register PC1. 

The program counter always addresses the memory word 
from which the next object program code must 
be fetched. 

The data counters address memory words containing 
individual data bytes, or bytes within data tables to be 
used as operands. 

The stack register is a buffer for the program counter; its 
contents are never used directly to address memory. 

Address decoding is identical, whether originating In PCO 
or DCO. When an interrupt is acknowledged, the contents 
of PCO are saved in PC1 (the previous contents of PC1 
are lost). Since PCO always addresses the memory 
location from which the next object program instruction 
byte is to be read, DCO must address memory if the 
instruction requires data (i.e., an operand) to be 
accessed. The program counter cannot be used to 
address data, since it is saving the address of the next 
instruction code. 



I/O Ports 

The SMI and DMI each have four I/O ports, addressed 
DC, OD, OE, and OF for both devices when used 
separately. Option port addresses are used for the DMI in 
F8 systems that include both DMI and SMI; the F3852 
DMI Is designated by an SL31116 marking. 

The implemented I/O ports are accessed via IN, INS, OUT 
and OUTS instructions, as with any I/O port. However, 
the DMI I/O ports are Internal latches, having no 
connection to I/O pins or external interface. The REGDR 
signal, if not clamped low by an external device, goes 
high during IN or INS instructions that select either of 
the DMI ports. Clamping the REGDR signal low does not 
inhibit data bus driving during I/O as it does during the 
output of address registers. 
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Fig. 1 F3852 DMI Logic Organization 



16-BIT ADDRESS TRANSFER BUS 



PROGRAM COUNTER 
POO 



STACK REGISTER 
PC1 



DATA COUNTER 
DCO 



AUX. DATA 
COUNTER DC1 



INCREMENTER 
ADDER 
LOGIC 



16-BIT ADDRESS BUS 



1 T 



I ADDRESS DRIVERS 



LOW ORDER 
6 BITS 



CONTROL 
UNIT 



MEMORY 
CONTROL 



< < < < 

o o w 5 

O C) OT 2 



UPPER BYTE 



ADDRESS 
DEMULTIPLEXER 



DATA 
STORAGE 



8-BIT DATA BUS 



I 



DMA AND REFRESH 
CONTROL 



ItttI I I TTTTTl I f 



DATA 
BUFFER 



rr 



D** •• 09 



The OD (or ED) I/O port controls memory refresh and 
DMA as follows: 



7 


6 


5 


4 


3 


2 


1 






BIT NUMBER 



NOT 
USED 



l!U 



DIVIA disabied 

= DiVIA enabled 

1 = Refresli memory 

= No memory refresli 

1 = Refresh every fourth 

instruction cycle 

= Refresh every eighth 

instruction cycle 



Table 1 lists the I/O ports for the SMI and DMI devices. 



Table 1 I/O Ports for the SMI and DMI 



Port 


F3852 


F3853 


00 


General-purpose, 8-bit 


Interrupt address 


(EC*) 


data storage buffer, 


vector upper byte; 




loaded with the OUT 


written into and read 




or OUTS Instruction 


from using the I/O 




and read using the IN 


instructions. 




or INS instruction; EC 






for DMI/SMI option. 




OD 


Control register for 


Interrupt address 


(ED*) 


memory refresh and 


vector lower byte; 




DMA; ED for DMI/SMI 


written into and read 




option. 


from using the I/O 
instructions. 


OE 


Not used; EE for 


Interrupt control port 


(EE*) 


DMI/SMI option. 




OF 


Not used; EF for 


Programmable timer 


(EF*) 


DMI/SMI option. 





•F3852 with SL31116 marking. 
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Fig. 2 F3853 SMI Logic Organization 



16-BIT ADDRESS TRANSFER BUS 
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ttttt 
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ADDRESS 
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INTERRUPT 
ADDRESS 
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CONTROL 
UNIT 



MEMORY 
CONTROL 
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INTERRUPT 
LOGIC 



TT-J 



DATA 
BUFFER 



n 



5 5 

o 



Direct Memory Access and Memory Refresh (F3852 Only) 

Within every instruction execution cycle there is a period 
when the CPU Is not accessing memory because of the 
organization of the F8 microcomputer system. The F3852 
DMI on-chip direct memory access and refresh control 
logic generates timing and control signals that identify 
time periods when the CPU is not accessing memory. 
During these time periods, memory is refreshed or DMA 
data accesses occur. 



if no data movement occurs on the data bus, the 
reserved access period Is not used for any memory 
access— it is, in effect, wasted. 

One more memory access may occur within the 
instruction cycle, during either the second or third 
access period, while the data bus latches hold data 
accessed during the first period. This is a free 
access period. 



The DMA and memory refresh are similar operations in 
terms of the DMI logic. As described in the "DMI/SMI 
Signal Timing" section, CYCLE REG identifies two or 
three memory access periods within an instruction cycle. 

Either the first or the second access period is reserved 
for the instruction cycle being decoded. If the ROMC 
state for the instruction cycle requires data to be read 
out of a RAM, the read occurs during this reserved 
access period. If the ROMC state for the instruction 
cycle requires data to be input to an address register, or 



Some available free access periods must be used to 
refresh dynamic RAM. A refresh uses logic within the 
DMI; therefore, a refresh occurs in parallel with 
other activity. 

If the free access period is not used to refresh dynamic 
RAM, it may be used by an F3854 DMA device to perform 
direct memory accesses. The DMA device uses a 
separate data channel to access memory, so DMA can 
parallel other activity in the F8 system. 
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Figures 3, 4, and 5 indicate worst-case timing for DMA 
and nnennory refresh. In an F8 write-to-memory cycle (ST), 
no refresh or DMA may take place. (Refer to the 
"DMI/SMI Signal Timing" and "Timing Characteristics" 
sections for further information.) 

A complete memory refresh cycle executes in F 
milliseconds, where F is given by: 

F = (2V«R 

where T is the instruction cycle time, either 2 or 3 
microseconds 

R is the refresh rate, either 4 (for one slot in four) 
or 8 (for one slot in eight) 

Programmable Timer (F3853 Only) 

The SMI has an 8-bit shift register, addressable as I/O 
port OF, that may be used as a programmable timer. 



Figure 6 illustrates the shift register logic and the 
exclusive-OR feedback path. 

Binary values in the range through 254, when loaded 
into the timer, are converted into "timer counts." "Timer 
contents" is the actual binary value loaded into a timer, 
and "timer counts" is the corresponding number of time 
intervals the timer takes to time out. Data cannot be read 
out of the programmable timer I/O port. 

As described in the F8 and F3870 Guide to Programming, 
an assembly language program specifies timer counts, 
which the assembler converts into the binary value that 
must be loaded into the programmable timer. 

It is possible to write small subroutines that calculate 
time values one count faster or slower than a given 
value. Such subroutines would be used if programmed 
delays are required. 
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Fig. 4 Memory Refresh and DMA Timing During Long-Cycle Memory Read, with Address Out of Program Counter 
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The OUT or OUTS instruction is used to load timer 
counts into the programmable timer. The contents of the 
programmable timer cannot be read using an IN or INS 
instruction. The timer times out after a time interval 
given by the product: 

(period of clock 0) x (timer counts) x (31) 

For example, a value of 200 (11001000, or H'C8') loaded 
into the programmable timer becomes 215 timer counts. 
The timer therefore times out in 3.33 milliseconds, if the 
period of clock signal is 500 nanoseconds. 

A value of 255 (H'FF') loaded into a programmable timer 
stops the timer. 

All timers run continuously, unless they have been 
stopped by loading H'FF' into the timer. Upon timing out, 



the timer transmits an interrupt request to the Interrupt 
logic (refer to the "Interrupt Logic" section for more 
details). If proper interrupt logic conditions exist, the 
timer inte rrupt request is passed to the CPU through the 
INT REG output. 

After a programmable timer has timed out, it again times 
out after 255 timer counts; therefore, if the timer is 
allowed to run continuously, it times out every 7905 
clock periods, or every 3.953 milliseconds for a 500 
nanosecond clock. 

If the timer is actually loaded with a zero value. It times 
out in 24 counts, whereas once it has timed out it next 
times out in 255 counts (i.e., a time-out is not the same 
as counting down to zero). 
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Fig. 5 Memo 
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Fig. 6 Timer Blocl( Diagram 
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When the timer and timer interrupt are being set to time 
a new interval, the timer must always be loaded before 
enabling the timer interrupt; loading the timer clears any 
pending timer interrupts. When the timer interrupt is 
enabled, any pending timer interrupt is acknowledged 
and forwarded to the CPU. Since the timer runs 
continuously, unless stopped under program control, 
enabling the timer before loading a time count can 
cause errors. 



Depending on the contents of the interrupt control 
register, the SMI interrupt control logic can be accepting 
timer Interrupts or external Interrupts, or neither, but 
never both. 

The OC and OD I/O ports are used for the interrupt 
address vector upper and lower bytes, respectively. They 
can be written into and read from using the I/O 
instructions. 



Figure 7 illustrates a possible signal sequence for a 
timer that is initially loaded with 200, then allowed to 
run continuously. 



Fig. 7 Time-Out and Interrupt Request Timing 



-3.953 ms ► 



A - 200 LOADED INTO TIMER 
B- FIRST TIME OUT 

C - SECOND AND SUBSEQUENT TIMEOUTS 
D - INTERRUPT SERVICE ROUTINES BEING ENTERED BY CPU 
li, l2, I3 - INTERVALS BETWEEN TIME-OUT INTERRUPT REQUEST REACHING 
INTERRUPT LOGIC AND SERVICE ROUTINES BEING ENTERED BY CPU 



Interrupt Logic 

The interrupt control register or I/O port (OE) can be used 
to enable or disable interrupts. Data is loaded into the 
register or placed at the OE port using an OUT or OUTS 
instruction; data cannot be read out of the register 
or port. 

The data at the I/O port is interpreted as follows: 

B'XXXXXXOO' Disable all interrupts 
B'XXXXXXOV Enable external interrupt, disable timer 
interrupt 

The contents of the interrupt control register are 
Interpreted as: 

B'XXXXXXIO' Disable all interrupts 
B'XXXXXXH' Disable external interrupt, enable timer 
interrupt 

In the above, "X" represents "don't care" binary digits. 



Since only three device pins are available for use by 
interrupt logic, there is no priority out signal. This means 
that if an SMI is in an interrupt priority daisy chain, it 
must be the last dev i ce in the chain or external logic 
must generate a PRI OUT signal as shown in Figured. 

The SMI interrupt address vector consists of two 
programmable I/O ports. The interrupt address vector is 
set under program control, rather than being a mask 
option (as with the F3851 PSU). Even though the SMI 
interrupt address vector is programmable, bit 7 is still set 
to for a timer interrupt, or to 1 for an external interrupt. 

Address Contentions 

When a DMI or SMI is present In an F8 system that 
includes a PSU, address contentions occur while using 
the XDC instruction. 

The XDC instruction (ROMC state TD) causes the 
contents of data counters DCO and DC1 to be 
exchanged; having no DC1 register, the PSU does not 
respond to this instruction. Therefore, the PSU and 
memory interface devices can have different values in 
their DCO registers, and each value can be within the 
different address spaces of the two memory devices. An 
instruction that requires data to be output from the DCO 
register may then cause two devices to simultaneously 
place different data on the data bus. 



Fig. 8 PRI OUT Signal Generation 
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Signal Descriptions 

The SMI and DMI signals are described in Table 2. 
Table 2 SMI/DMI Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 


2 


Clock 


Clock inputs from the F3850 CPU. 


WRITE 


3 


Clock 




Address 








ADDR0-ADDR15 


15-8, 
25-32 


Address 


Sixteen outputs through which an address is transmitted 
to dynamic RAM. The address may come from the PCO or 
DCO registers. 


Data Bus 








DB0-DB7 


16-19, 
21-24 


Data Bus 


Eight bidirectional lines that link the DMI/SMI with all other 
devices in the F8 system. Only data moving to or from the 
address registers and I/O ports uses the data bus pins. 


Timing 

CPU READ 


34 


CPU Read 


An output signal that, when high, specifies that data is to be 
read out of a RAM location. When low, the signal is off; this 
does not specify a write operation (the write operation is 




specified by a RAM WRITE low signal). 


CPU SLOT 


5 


CPU Slot 


A DMI bidirectional signal that, when high, identifies portions 
of an instruction execution cycle during which the F3850 CPU 
is reading out of or writing into RAM. When is loaded into 
port D and the CPU SLOT signal is held low by external logic, 
the address line drivers and RAM WRITE driver go to a high- 
impedance state. 


CYCLE REQ 


7 


Cycle Request 


An output signal that identifies each memory access period 
within an instruction cycle by making a high-to-low transition at 
the start of the memory access period. Does not identify events 
that are to occur during the memory access period. 

The CYCLE REQ signal is a divide-by-2 of during all ROMC 
states except ROMC state 05 (store-in-memory); it can be used 
to generate the clock signals required by many dynamic RAMs. 


MEMIDLE 


4 


Memory Idle 


A DMI output that identifies portions of an instruction 
execution cycle during which the F8 system is not accessing 
memory to read, write, or refresh. The MEMIDLE signal 
therefore identifies the portion of an instruction cycle that is 
available for DMA operations. The DMI can inhibit DMA by 
holding MEMIDLE constantly low. The address drivers and RAM 
WRITE driver are always in a high-impedance state when 
MEMIDLE is high, so that a DMA device may drive the address 
lines at this time. 
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Table 2 SMI/DMI Signal Descriptions (Cont.) 



Mnemonic 


Pin No. 


Name 


Description 


Interrupt 

EXT IN 

InTreq 

PRI IN 


7 
4 

5 


External 
Interrupt 

Interrupt 
Request 

Priority In Line 


An SMI input signal; a high-to-low transition is interpreted as 
an interrupt request from an external device. 

An SMI output signal that becomes the INT REQ input to the 
F3850 CPU. Must be output low to interrupt the CPU; this only 
occurs if PRI IN is low and SMI interrupt control logic is 
requesting an interrupt. 

An SMI input signal that, when low, sets the INT REQ output 
low In response to an interrupt. 


Control 

ROMC0-ROMC4 


35-39 


Read Only 
Memory Control 


Five Input lines that are the control signals output by the 
F3850 CPU. 


Write 


6 


Random Access 
Memory Write 




RAM WRITE 


An output signal that, when low, specifies data is to be written 
into a RAM location. When high, the signal is off; this does not 
necessarily specify a read operation. 


Register 

REGDR 


33 


Register Drive 


A bidirectional line that, when used as an input, can be 
clamped low by an external open-collector gate to prevent the 
DMI or SMI from placing a byte from its PC1 or DCO register 
onto the data bus. The DMI supplies an internal pull-up 
resistor. When used as an output, REGDR can control data bus 
buffers. The DMI internally clamps REGDR low except during 
those ROMC states in which the DMI is required to place a 
byte out of the PC1 or DCO registers, or either of its two 
control registers (I/O ports), onto the data bus. 


Power 

Vdd 

Vgg 
Vss 


40 
1 
20 


Power Supply 
Power Supply 
Ground 


Nominal -f 5 Vdc 

Nominal -H2 Vdc 

Common power and signal return 



DMI/SMI Signal Timing 



The DMI and SMI receive timing signals from the F3850 
CPU, then output timing signals used by the dynamic 
RAM and an F3854 DMA device, if present. Figures 9 
and 10 illustrate the timing signals for the DMI and 
SMI, respectively. 

Timing of the F3853 SMI INT REQ, PRI IN, and EXT IN 
interrupt signals is Identical to that of the F3851 PSU; 
the remaining signals have the same timing as the DMI, 
except for the address lines. 



Within an instruction cycle, there may be either two or 
three memory access periods, depending on whether the 
instruction cycle is long or short. A memory access 
period is equivalent to two <t) clock periods, and is 
identified by a CYCLE REQ signal, which is a divide-by-2 
of </). Whether the instruction cycle is short or long 
depends on the source and destination of the data being 
transmitted during instruction execution. 
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Fig. 9 F3852 DMI Timing Signals 
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During the first memory access period, the device 
outputs the contents of PCO onto the address lines 
(ADDR0-ADDR15). 

In effect, the logic begins by assuming that a memory 
read is to occur, with the memory address provided 
by PCO. 

While the PCO contents are being output on the address 
lines, the control unit (in parallel) decodes the ROMC 
state that has been received from the CPU. 



If the assumed logic proves to be correct, or if no 
memory access is to occur, the second access period 
can be used for memory refresh or DMA. 

If the instruction decoded by the CPU specifies a 
memory read with another memory address, the DMI 
wastes the first access period; in this case, the 
instruction cycle is always long. The required memory 
access is performed during the second access and 
memory refresh occurs, or DMA is implemented, in the 
third access period. 



3-65 



F3852/F3853 



Fig. 10 F3853 SMI Timing Signals 
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If a memory write instruction is decoded, no access 
periods are available for memory refresli or DMA. 

Four variations of the instruction cycle result. The timing 
diagrams {Figures 11-18) illustrating the four variations 
represent worst cases and assume td2= 150 ns. The four 
variations are: 

1. The instruction fetch. The memory address originates 
in program counter PCO, and the instruction cycle is 
short. (Timing is shown in Figures 11 and 12.) 

2. An immediate operand fetch. The memory address 
originates in program counter PCO, and the instruction 
cycle is long. (Timing is shown in Figures 13 and 14.) 

3. A data fetch. A data byte is output from an address 
register, or the memory address originates in data 
counter DCO; therefore, the instruction cycle is long. 
(Timing is shown in Figures 15 and 16.) 

4. A memory write. Data is written into the RAM location 
addressed by DCO. (Timing is shown in Figures 17 
and 18.) 

The CPU SLOT and MEMIDLE signals identify the way a 
memory access period is being used. When the F3850 
CPU is accessing memory, the CPU SLOT signal is high; 
RAM WRITE and the address lines are driven at this time. 

When memory is available for DMA access, the CPU 
SLOT signal is low and the MEMIDLE signal is high. 
When the DMI is refreshing dynamic memory, the CPU 
SLOT and MEMIDLE signals are both low. 

The DMI logic is able to achieve two memory accesses 
within one instruction cycle. 

Buffer/latches are placed on the F8 data bus lines 
between the RAM and the F8 system to hold the data 
fetched during the first access. 

The SMI, without memory refresh and DMA capabilities, 
does not generate three timing signals (CPU SLOT, 
CYCLE REQ, and MEMIDLE). These device pins are 
Instead used by interrupt logic. 

Since the DMI does not access memory within a single 
memory access period, as identified by the CPU SLOT 
signal, data bus timing is relaxed when using the SMI as 
compared to the DMI. Worst-case timing for the four 
possible machine cycles is explained in the "DMI/SMI 
Signal Timing" section. 



The implications of this relaxed data bus timing 
parameter are that slower static memories may be used 
with the SMI; on the other hand, memory controlled by 
an SMI cannot be accessed by an F3854 DMA. Another 
implication is that a latching type buffer is not needed 
between memory and the data bus. 

Instruction Execution 

The DMI and SMI respond to signals that are output by 
the F3850 CPU in the course of implementing instruction 
cycles. The actions taken by the DMI and SMI during 
instruction execution are a function of the ROMC state. 

Data Output by RAIVI 

Figures 11 through 76 illustrate the worst-case timing 
when RAM, controlled by the DMI, outputs data onto the 
data bus. (In these figures, it is assumed that the CPU 
SLOT signal is used to strobe the RAM data into the data 
bus latches.) 

The CPU READ signal is output high by the SMI/DMI to 
enable transfer of data from the data bus buffers to the 
data bus. Dynamic RAM has its own connection to the 
data bus through buffer/latches; data is not transferred 
through the DMI/SMI. (A CPU READ high signal is active 
when its respective data bus drivers are turned on.) 

Data Output by the DMI/SMI 

The REGDR signal defines the address space of the 
address registers. If an ROMC state received by the 
DMI/SMI requires data to be output from an address 
register, the device becomes the selected data source if 
the REGDR signal is allowed to go high. 

Data Input to RAM 

Figures 15 and 16 illustrate timing when data is written 
into RAM. Data Is transferred thr ough 3-state buffers on 
the data bus and into RAM. The RAM WRITE signal is 
pulsed low by the DMI/SMI to enable the transfer of data 
off the data bus into RAM. The 3-state buffers or 
multiplexers between the data bus and RAM WRITE data 
lines are necessary if DMA sources are also allowed to 
write into RAM. 

Data Input to the DMI/SMI 

Address contention is created by having duplicate 
address registers. One method for resolving the 
contention is to force every memory device to read data 
into Its address registers whenever an ROMC state 
specifies any such operation. Address space concepts 
therefore do not apply when data is read into the 
address registers. 
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Fig. 11 DMI Timing Signals Output During Short-Cycle Memory Read, with Address from Program Counter 
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Fig. 12 SMI Timing Signals Output During Short-Cycle Memory Read, with Address from Program Counter 
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Fig. 13 DMI Timing Signals Output During Long-Cycle Memory Read, with Address Out of Program Counter 
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Fig. 14 Sl\/ll Timing Signals Output During Long-Cycle l\/lemory Read, with Address Out of Program Counter 
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Fig. 15 DM I Timing Signals Output During Long-Cycle Memory Read, with Address Out of Data Counter 
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Fig. 16 SMI Timing Signals Output During Long-Cycle Memory Read, with Address Out of Data Counter 
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Fig. 17 DMI Timing Signals Output During a Write-to-Memory 
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Fig. 18 SIVIi Timing Signals Output During a Write-to-Memory 
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Timing Characteristics 

The timing characteristics of the DMI and SIVII are 
described in Tables 3 and 4, respectively. 



Table 3 DIVIi Output Signals Timing Characteristics 

Vss = OV, Vdd=+5V ±5%, Vgg=+12V ±5%,Ta= O^'C to +70''C. 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Notes 


P<A 


</) Clock Period 


0.5 




10 


/iS 




tadi 


Address Delay if PCO 


50 


300 


500 


ns 


3 


tad2 


Address Delay to High Z (Short Cycle With DMA On) 


tCS2 4-50 




tcs2 + 200 


ns 


3 


tada 


Address Delay to Refresh (Short Cycle With REF On) 


tcs2+50 




tcs2+400 


ns 


3 


tad4 


Address Delay if DC 


2P(A + 50-td2 




2P0 + 4OO-td2 


ns 


3 


tadg 


Address Delay to High Z (Long Cycle With DMA On) 


tcs3+50 




tcs3+200 


ns 


3 


tade 


Address Delay to Refresh (Long Cycle With REF On) 


tcS3+50 




tcs3+400 


ns 


3 


tcri 


CPU READ -Delay 


50 


250 


450 


ns 


1,7 


tcr2 


CPU READ + Delay 


2P(A + 50-td2 




2P0 + 4OO-td2 


ns 


1 


tCSi 


CPU SLOT + Delay 


80-td2 




320 -td2 


ns 


1 


tCS2 


CPU SLOT- Delay (PCO Access) 


2P0 + 6O-td2 




2P0 + 42O-td2 


ns 


1 


tcsa 


CPU SLOT- Delay (DC Access) 


4P0 + 6O-td2 




2P<^ + 420-td2 


ns 


1 


tmi 


MEMIDLE+ Delay (PCO Access) 


2P0 + 5O-td2 




4P0 + 4OO-td2 


ns 


1 


tm2 


MEMIDLE- Delay (PCO Access) 


4P0 + 5O-td2 




4P0 + 35O-td2 


ns 


1 


tm3 


MEMIDLE+ Delay (DC Access) 


4P0 + 5O-td2 




4P<A + 400-td2 


ns 


1 


tm4 


MEMIDLE- Delay (DC Access) 


6P0 + 5O-td2 




6P</) + 350-td2 


ns 


1 


tCYi 


WRITE to CYCLE REQ- Delay 


80-td2 




400 -td2 


ns 


1,4 


tcy2 


WRITE to CYCLE REQ + Delay 


P0 + 8O-td2 




P0 + 4OO-td2 


ns 


1, 4 


tcva 


CYCLE REQ + to+ Edge Delay 




2P(/) 






1,4 


tcy4 


CYCLE REQ - to - Edge Delay 




2P0 






1,4 


twr^ 


RAM WRITE- Delay 


4P</> + 50-td2 




4P0 + 45O-td2 


ns 


3 


twr2 


RAM WRITE + Delay 


5P</) + 50-td2 




5P0 + 3OO-td2 


ns 


3 


twr3 


RAM WRITE Pulse Width 


350 




P<A 


ns 


3 


twr4 


RAM WRITE to High-Z Delay 


tcs2+40 




tcs2+200 


ns 


3 


trgi 


REGDR- Delay 


70 


300 


500 


ns 


1 


trg2 


REGDR+ Delay 


2P<A + 80-td2 




2P</) + 500-td2 


ns 


1 


td4 


WRITE to Data Bus Input Delay 






2P</>+1000 


ns 




tdz 


WRITE to Data Bus Output Delay 


2P0+1OO~td2 




2P</) + 850-td2 


ns 


2 



Notes 

1. Cl=50pF 

2. Cl=100pF 

3. Cl = 500pF 

4. CYCLE REQ is a divide-by-2 of </> for all Instructions except the STORE 
instruction. 

5. On a given chip, the timing for all signals tends to track. For example, 
if CPU SLOT for a particular chip is fairly slow and its timing falls near 
the Max delay value specified, the timing for all signals on that chip 
tends to be near the Max delay values. This is a result of processing 
parameters (which affect device speed), which are quite uniform over 
small physical areas on the surface of a wafer. 

6. Input and output capacitance is 3 pF to 5 pF, typical, on all pins 
except Vqd. Vqg, and Vss- 

7. 600 ns max for DL/DM. 
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Table 4 SMI Output Signals Timing Characteristics Vss = OV,Vdd= +5V ±5%,Vgg= +12V ±5%,Ta= 0*'C to +70X. 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Notes 


P0 


<t> Clock Period 


0.5 




10 


lis 




tadi 


Address Delay if PCO 


50 


300 


500 


ns 


3 


tad4 


Address Delay if DCO 


2P0 + 5O-td2 




2P<A + 400-td2 


ns 


3 


tcr-i 


CPU READ- Delay 


50 


250 


450 


ns 


1,8 


tcr2 


CPU READ + Delay 


2P0 + 5O-td2 




2P<A + 400-td2 


ns 


1 


twri 


RAM WRITE -Delay 


4P</)+50-td2 




4P0 + 45O-td2 


ns 


3 


twr2 


RAM WRITE + Delay 


5P</) + 50-td2 




5P</)+300-td2 


ns 


3 


twr3 


RAM WRITE Pulse 


350 




P0 


ns 


3 


trgi 


REGDR- Delay 


70 


300 


500 


ns 


1 


trg2 


REGDR+ Delay 


2P0 + 8O-td2 




2P<A+500-td2 


ns 


1 


td4 


WRITE to Data Bus Input Delay 






2P0+1OOO 


ns 




td7 


WRITE to Data Bus Output Delay 


2P0+1OO-td2 




2P0 + 85O-td2 


ns 


2 


tri 


WRITE to INT REQ- Delay 






430 


ns 


2,6 


tpri 


PRI IN to INT REQ- Delay 




200 


240 


ns 


2,7 


tex 


EXT INT Setup Time 


400 






ns 






Notes 

1. Cl = 50pF 

2. Cl=100pF 

3. Cl=500 pF 

4. On a given chip, the timing for all signals tends to track. For example, 
if CPU SLOT for a particular chip Is fairly slow and its timing falls near 
the Max delay value specified, the timing for all signals on that chip 
tends to be near the Max delay values. This is a result of processing 
parameters (which affect device speed), which are quite uniform over 
small physical areas on the surface of a wafer. 



5. Input and output capacitance is 3 pF to 5 pF, typical, on all pins 
except Vqd. Vqg. and Vss- 

6. Assume Priority In was enabled (PRI IN = 0) in previous F8 cycle before 
interrupt is detected in the PSU. 

7. The PSU has interrupt pending before Priority In is enabled. 

8. 600 ns max for DL/DM. 



DM! System RAM Characteristics 

The ac characteristics of static and dynamic RAMs 
suitable for use with the DMI can be derived from the 
worst-case timing waveforms presented in Figures 3, 4, 
5, 77, 73, 75, and 77. Three distinct cases arise. 

1. Static RAM with no DMA or refresh. The timing 
characteristics recommended are identical for the DMI 
and SMI. 

2. The DMI used with dynamic RAM and no DMA. The 
recommended RAM characteristics are as follows: 



Access Time 

Address Setup Time to Write 

Data Setup Time to Write 

Write Pulse Width 

Data and Address Hold Times 

Read Cycle Time 

Write Cycle Time 



500 ns max 
600 ns max 
550 ns max 
350 ns max 
200 ns max 
900 ns max 
3 /ts max 



requirements, with resulting recommended RAM 
characteristics as follows: 



Access Time 
Address/Data Stable Time* 



550 ns max 
580 ns max 



SMI System RAM Characteristics 

The following RAM characteristics are recommended for 
use with the SMI, based on the waveforms shown in 
Figures 12, 14, 16, and 18. 

Access Time 900 ns max 

Address Setup Time to Write 600 ns max 

Data Setup Time to Write 550 ns max 

Write Pulse Width 350 ns max 

Data and Address Hold Times 200 ns max 

The above times must also allow for any buffer delays 
that may be present on the data bus. 



3. A system using either static or dynamic RAM with a 
DMI and DMA. The DMA access dominates the timing 



*ln most memory specifications this is the cycle enable width during 
Read or Write. 
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DC Characteristics 



Absolute l\/laximum Ratings 



The dc characteristics of the F3852 DMI and F3853 SMI 
are provided In Table 5. 

Supply Currents 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test 
Conditions 


'dd 


Vdd Current 




35 


70 


mA 


f = 2MHz, 

Outputs 

Unloaded 


'gg 


Vqg Current 




13 


30 


mA 


f = 2MHz, 

Outputs 

Unloaded 



These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
indicated In this data sheet, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 



Vgg 

Vdd 

All Other Inputs and Outputs 

Storage Temperature 

Operating Temperature 

Note 

Ail voltages with respect to Vss- 



-0.3 V, +15V 
-0.3 V, +7V 
- 0.3 V, + 7 V 
-55X, +150X 
OX, +70X 



Recommended Operating Ranges 



Part 


Supply Voltage (Vdd) 


Vgg 




Number 


Min 


Typ 


Max 


Min 


Typ 


Max 


Vss 


F3852/F3853 


+ 4.75 V 


+ 5V 


+ 5.25 V 


+ 11.4V 


+ 12V 


+ 12.6 V 


ov 



Ordering Information 



Order Code 


Package 


Temp. Range* 


F3852PC 


Plastic 


C 


F3852PL 


Plastic 


L 


F3852DC 


Ceramic 


C 


F3852DL 


Ceramic 


L 


F3852DM 


Ceramic 


M 


F3853PC 


Plastic 


C 


F3853PL 


Plastic 


L 


F3853DC 


Ceramic 


C 


F3853DL 


Ceramic 


L 


F3853DM 


Ceramic 


M 



* C = Commercial Temperatu re Range "0 to + 70 "0 
L= Limited Temperature Range - 40''C to + 85°C 
M = Military Temperature Range - 55°C to + 125°C 
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Table 5 DMI and SMI DC Characteristics 

Vss = OV, Vdd= +5V ±5%, Vgg= +12V ±5%,Ta = 



0*0 to + 70*C, unless otherwise noted. 



Signal 


Symbol 


Characteristic 


MIn 


Max 


Unit 


Test Conditions 


Data Bus (DB0-DB7) 


V|H 


Input High Voltage 


2.9 


Vdd 


V 






V|L 


Input Low Voltage 


Vss 


0.8 


V 






Vqh 


Output High Voltage 


3.9 


Vdd 


V 


loH= -lOO^tA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=1-6 mA 




l|H 


Input High Current 




3 


/^A 


V|N = Vdd, 3-State Mode 




l|L 


Input Low Current 




-3 


l^A 


ViN = Vss, 3-State Mode 


Address Lines (ADDR0-ADDR15) 


Vqh 


Output High Voltage 


4.0 


Vdd 


V 


loH= -1 mA 


and RAM WRITE 


Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=3.2 mA 




II 


Leakage Current 




3 


^A 


V|N = Vdd, 3-State Mode 




II 


Leakage Current 




-3 


liA 


V|N = Vss, 3-State Mode 


Clock (0, WRITE) 


V,H 


Input High Voltage 


4.0 


Vdd 


V 






V,L 


Input Low Voltage 


Vss 


0.8 


V 






II 


Leakage Current 




3 


/^A 


V,n = Vdd 


MEMIDLE, CYCLE REQ, CPU READ 


VoH 


Output High Voltage 


3.9 


Vdd 


V 


loH= -1 mA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=2 mA 


Control Lines (ROMC0-ROMC4), 


V|H 


Input High Voltage 


3.5 


Vdd 


V 




PR! IN 


V|L 


Input Low Voltage 


Vss 


0.8 


V 






II 


Leakage Current 




3 


nA 


V,N = 6V 


REGDR, CPU SLOT 


VoH 


Output High Voltage 


3.9 


Vdd 


V 


l0H= -300/iA 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL=2 mA 




V|H 


Input High Voltage 


3.5 


Vdd 


V 


Internal Pull-Up 




V,L 


Input Low Voltage 


Vss 


0.8 


V 






l|L 


Input Low Current 
(REGDR) 


-3.5 


-14.0 


mA 


V|N = 0.4 V & Device 
Outputting a Logic "1" 




"l 


Leakage Current 




3 


/.A 


V,N = 6V 


Interrupt Request (INT REQ) 


VoH 


Output High Voltage 






V 


Open-Drain Output [1] 




Vol 


Output Low Voltage 


Vss 


0.4 


V 


loL= 1 mA 




II 


Leakage Current 




3 


/^A 


Vin = Vdd 


External Interrupt (EXT INT) 


V|H 


Input High Voltage 


3.5 




V 






V,L 


Input Low Voltage 




0.8 


V 






V,c 


Input Clamp Voltage 




15 


V 


l,H = 185/.A 




l|H 


Input High Current 




10 


/iA 


V|n = Vdd 




IlL 


Input Low Current 




-255 


;.A 


V,N = 2V 




l|L 


Input Low Current 


-150 


-500 


/^A 


V,N = Vss[1] 




Notes 

1. The values are -100 nA and -750 nA for DL/DM extended 
temperature ratings. 

2. Positive current is defined as conventional current flowing i 
pin referenced. 
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F3854 

Direct Memory 

Access Controller 

Microprocessor Product 



Description 

The Fairchild F3854 Direct Memory Access Controller 
(DMAC) interprets timing signals generated by the F3852 
Direct Memory Interface (DMI) to control the flow of data 
between memory and devices external to an FB 
microcomputer-based system. The direct memory 
access (DMA) transfers occur in parallel with other 
operations, so that there is no reduction in program 
execution speed. 

Fabricated using n-channel, Isoplanar MOS technology, 
the F3854 has very low power dissipation (typically 
less than 280 mW). A + 5 V and a + 12 V power supply 
are required. 

• Generates Data Transfer Control Signals 

• Outputs Address of Memory Location to be Accessed 

• Four 8-Bit Registers Addressed as I/O Ports 

• Parallel Data Transfer 

• Transfer Rate Controlled by External Device or CPU 

• 8-Bit Bidirectional Data Bus 

• Up to Four Controllers in an F8 System 

• + 5 V and + 12 V Power Supplies 

Signal Functions 



"► ADDRo 
»ADDRi 

- ADDR2 
►ADDR3 

- ADDR4 
^ADORs 
► ADDRe 
•-ADDR7 
-ADDRa 
^ADDR9 
^ADDRio 
-ADDR11 
^AD0Ri2 
-ADDR13 
^ADDRi4 
►ADDR15 



Connection Diagram 
40-Pin DIP 




ADDRESS 
BUS 



- ENABLE 

- DIRECTION 
► STROBE 
^DWS 
-XFER 



DIRECTION^ 1 

ENABLE Q 2 

XFER ^ 3 

XFERREQ[^ 4 

Vgg [^ 5 

VddI™ 6 

ADDRe [^ 7 

ADDRg [^ 8 

ADDR10 Q 9 

ADDR11 ^ 10 

ADDRi2|^ 11 

ADDRi3^ 12 

ADDRi4[^ 13 

ADDR15 ^ 14 

PI [^ 15 

P2^ 16 

DB7 [^ 17 

DBe [^ 18 

DB5 [^ 19 

DB4 ^ 20 



■^-^ 



^DWS 
[] STROBE 
j] LOAD REG 
~] MEM IDLE 

J. 

Jvss 

^ ADDRo 

^ADDRi 

||]aDDR2 

JJADDRs 

3ADDR4 

^ADDRs 

Jj ADDRe 

^ADDRr 

^ READ REG 

^ WRITE 

Jdbo 
Jdbi 

JdB2 

Jdb3 




CONTROL 
OUTPUTS 
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Device Organization 

The F3854 DMAC, functionally illustrated in Figure 1, 
makes use of time slots during which the F3850 CPU Is 
not accessing memory. During these slots, the F3854 
generates data transfer control signals that enable data 
to be read from or written to a read/write memory. A 
MEM IDLE signal gen^ated by the F3852 DMI (see 
Figure 2) identifies time slots available for the 
DMA operation. 

In addition to generating appropriate control signals, the 
DMAC outputs the address of the memory location to 
be accessed. 

The F3854 DMAC responds only to ROMC states 1A and 
1B ("write to I/O port" and "read from I/O port," 
respectively). AM other states constitute "no operation" 
conditions. External logic is used to decode these two 
ROMC states, with state 1A creating a READ REG 

Table 1 Signal Functions 



instruction and state 1B creating a LOAD REG 
instruction {see Figure 3). 

The DMAC registers are loaded and read when the CPU 
executes I/O instructions that access them. The I/O 
instructions use the data bus to transmit the I/O address 
in one direction and to transfer data during the following 
instruction cycle. A DMAC register is loaded during a 
cycle in which a high LOAD REG signal is present and 
the I/O address on the data bus matches a DMAC port 
address. Similarly, the contents of a register are read out 
onto the data bus when a high READ REG signal is 
present and an I/O address match has occurred during 
the previous cycle. 

Signal Functions 

The F3854 DMAC signal functions are described in 
Table 1. 



IVInemonic 


Pin No. 


Name 


Description 


DMAC Control 








<A 


36 


Clock 


Clock input from F3850 CPU that is used only in the 
generation of the STROBE signal. 


LOAD REG 


38 


Load Register 


Input control signal that is used in place of five ROMC state 
signals to enable loading address data into the slddressed 
DMAC register. 


MEM IDLE 


37 


Memory Idle 


Input timing signal from F3852 DMI that identifies time slots 
available for DMA. 


P1, P2 


15, 16 


Port Address Select 


Input signals that define selected port address. Must be 
externally strapped to determine DMAC I/O port address. 


READ REG 


26 


Read Register 


Input control signal that is used in place of five ROMC state 
signals to enable reading the contents of the addressed 
DMAC register. 


WRITE 


25 


Write 


Clock input from F3850 CPU that is used only for I/O port 




4 


Transfer Request 


loading and data bus monitoring. 


XFER REQ 


Input control signal that is supplied by an external device 








that is controlling the DMA transfer rate. When low, causes a 








byte of data to be transferred to or from memory during the 








next available DMA time slot. 


Data Bus 








DB0-DB7 


17-24 


Data Bus 


Bidirectional signal lines that link the F3850 CPU, F3854 
DMAC, and all other devices within an F8 system. 
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Table 1 Signal Functions (Cont.) 



IVInemonic 


Pin No. 


Name 


Description 


Address Bus 








ADDR0-ADDR15 


7-14,27-34 


Address Bus 


Three-state output signal lines that contain the address of 
the memory location to be accessed. These lines are in a 
high-impedance state when no DMA operation is occurring. 


Control Outputs 








DIRECTION 


1 


Direction 


Output control signal that reflects the contents of I/O port 3 
bit 6. When high, data is being written into the memory; when 
low, data is being read from the memory. 


DWS 


40 


DMA Write Slot 


Output control signal that identifies a time slot during which 
DMA data transfer to memory is occurring. 


ENABLE 


2 


Enable 


Output control signal that reflects the contents of I/O port 3 
bit 7. When high, DMA data transfers may occur. 


STROBE 


39 


Strobe 


Output strobe signal that is used for strobing data and for 
generating the RAM WRITE signal. 


XFER 


3 


Transfer 


Output control signal that identifies the time slot during 
which a DMA data transfer is occurring. 


Power 








Vdd 


6 


Power 


+ 5 V power input 


Vgg 


5 


Power 


+ 12 V power input 


Vss 


35 


Ground 


Power and signal ground 




Buses 

The address bus of the F3854 DMAC (ADDR0-ADDR15) is 
used to output the address of the memory location to be 
accessed during the next DMA operation. The F3854 data 
bus (DB0-DB7) is used only to transfer data between the 
DMAC I/O ports and the CPU; it is not used to transfer 
data bytes to or from memory during a DMA operation. 

I/O Ports 

The F3854 DMAC contains four 8-bit registers that are 
functionally addressed as I/O ports. The I/O port involved 
in a particular DMA operation is defined by port address 
select (PI and P2) input signals, which become bits 2 
and 3 of the I/O port address (see Figure 4). Table 2 lists 
the DMAC I/O port addresses in an F8 system using 
four F3854S. 

The four I/O ports of a DMAC are loaded with data 
controlling the DMA operation. They are loaded— or 
written into— using OUT instructions and may be read at 
any time using IN instructions. 



Before a DMA operation commences, the beginning 
address of the memory buffer from which data is to be 
read, or to which data Is to be written, is loaded into I/O 
ports and 1. Information on length of memory buffer to 
be addressed, plus DMA option and control data, is 
loaded into I/O ports 2 and 3, as shown in Figure 5. 

The eight bits of I/O port 2 and the first four bits of I/O 
port 3 are reserved to define the length, or byte count, of 
the memory buffer to be accessed. Memory buffers of up 
to 4096 bytes in length can be written into or read from 
by a DMA operation. A byte count of 01 transfers one 
byte; a count of 00 transfers 4096 bytes. 

Bit 4 of I/O port 3 determines the rate of DMA data 
transfer. If this bit is a 0, the external device controls 
transfer rate by providing a transfer request (XFER REQ) 
signal when it is ready for a DMA data transfer; the 
actual transfer then occurs during the next available time 
slot identified by a high MEM IDLE input. If bit 4 of I/O 
port 3 is a 1, the F3854 assumes that external logic is 
ready for a DMA transfer when a high MEM IDLE input 
identifies a DMA slot. 
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Fig. 1 F3854 Logic Organization 



16-BIT ADDRESS BUS 



ADDRo -«-r- 



ADDRis.^ 

P2 

SELECT STRAPS P1- — 



1 



I I ' i 'i I I I ^^^' 

I/O PORT SELECT i " 



I/O PORT SELECT 
LOGIC 



16BIT 
INCREMENTER 



r- 



MEM IDLE - 

XFERREQ- 

ENABLE ' 

DIRECTION - 

DWS-" 

XFER- 

STROBE^ 

DBo^ 



DMA CONTROL 



12BIT 
DECREMENTER 



BITS 4 AND 5 



8BIT DATA BUS 



Vdd- 

Vss- 

Vgg- 



Table 2 Addresses of DIVIAC i/0 Ports 



Function of 


First 


Second 


Third 


Fourth 


I/O Port 


F3854 


F3854 


F3854 


F3854 


Address, LO. Byte 
(Port 0) 


FO 


F4 


F8 


FC 


Address, H.O. Byte 
(Port 1) 


F1 


F5 


F9 


FD 


Count, LO. Byte 
(Port 2) 


F2 


F6 


FA 


FE 


Count, H.O. Four 










Bits, and Control 


F3 


F7 


FB 


FF 


(Port 3) 
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Fig. 2 Typical DIVIAC Configuration 



F3850 
CPU 



^ 



^ 



^ 
^ 



F3851 
PSU 



? 
^ 



F3852 
DMI 



n 



LOAD 
REG 



READ 
REG 



F3854 
DMA 



ADDRESS BUS 



(CPU READ) 



r^ 



LATCH/ 
BUFFER 



^ 



^ 



21 




^ 



WRITE DATA 



XFER, DIRECTION, ENABLE, STROBE 



DMA 
CHANNEL 



Fig. 3 DIVIAC ROMC State Response 

ROMCo- 



ROMC1 
ROMC3 
ROMC4 
ROMC2 

ROMCo- 



ROMCo 1 



Fig. 4 DMAC I/O Port Address 

7 6 5 4 3 2 10 

iihiiiii rnrrn 
ft 

P2 P1 



THESE TWO ADDRESS BITS 
ARE VARIABLE AND DEFINE 
ONE OF FOUR I/O PORTS: 

00 SPECIFIES I/O PORT 

01 SPECIFIES I/O PORT 1 

10 SPECIFIES I/O PORT 2 

11 SPECIFIES I/O PORT 3 
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Fig. 5 I/O Port 2 and I/O Port 3 Organization 



I/O PORT 3 
5 4 3 



I/O PORT 2 
5 4 3 2 



I I I I I I I I I I I I I 



iiir 



BUFFER LENGTH 
(BYTE COUNT) 

- EXTERNAL DEVICE CONTROLS DATA TRANSFER RATE 

1 - A BYTE OF DATA IS TRANSFERRED EVERY AVAILABLE DMA SLOT 

- DATA TRANSFER HALTS WHEN THE BYTE COUNT REGISTER DECREMENTS 

TOO 

1 - DATA TRANSFER CONTINUES UNTIL BIT 7 IS RESET TO UNDER PROGRAM 

CONTROL 

- DATA IS TRANSFERRED FROM MEMORY TO AN EXTERNAL DEVICE 

1 - DATA IS TRANSFERRED FROM AN EXTERNAL DEVICE TO MEMORY 



HALT DMA OPERATION 
ENABLE DMA OPERATION 



Bit 5 of I/O port 3 provides the option of halting data 
transfer on byte count decrementing or allowing transfer 
to continue. Each time a DMA data transfer occurs, logic 
within the DMAC increments the memory address in I/O 
ports and 1 and decrements the byte count in ports 2 
and 3. If I/O port 3 bit 5 is a 0, DMA transfer 
automatically halts and bit 7 (the enable bit) is cleared as 
soon as the buffer length count decrements to 0. If bit 5 
is a 1, the buffer length count is ignored and DMA 
transfer continues until an OUT instruction sets bit 7 to 
aO. 

Bit 6 of I/O port 3 determines the direction of data 
transfer during a DMA operation. If this bit is a 0, data is 



read from memory by the external device; if bit 6 is a 1, 
the external device writes data into memory. 

Bit 7 of I/O port 3 may be used at any time to start or 
stop DMA operations. During normal initialization, this 
bit is a 0, while I/O ports 0, 1, and 2 are loaded with data. 
During DMA operation initialization, I/O port 3 is loaded 
with a data byte that includes a 1 in bit 7. 

Timing Characteristics 

The timing characteristics of the DMAC are described in 
Table 3 and illustrated in Figure 6. 
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Table 3 F3854 DMAC Timing Characteristics 


Symbol 


Characteristic 


Min 


Typ 


IVIax 


Unit 


Test Conditions^ 


P<f> 


Clock Period 


0.5 




10 


fiS 


Note 2 


PWi 


Pulse Width 


180 




P</)-180 


ns 


tr,tf= 50 ns typ. 


tdi 


</) to WRITE + Delay 


60 




300 


ns 


Note 2 


td2 


to WRITE- Delay 


60 




250 


ns 


Note 2 


PW2 


WRITE Pulse Width 


P0-1OO 




P0 


ns 


tr,tf= 50 ns typ. P 


td3 


WRITE to READ/LOAD REG 
Delay 






600 


ns 


K 


td4 


DB Input Set-up Time 






300 


ns 




td6 


XFER REQ to MEM IDLE Setup 


200 






ns 




td7 


MEM IDLE to ADDR True 


50 


200 


500 


ns 


Cl=500pF 


td7' 


MEM IDLE to ADDR 3-State 


30 




250 


ns 


Cl=500pF 


td8 


READ REG to DB Output 


40 




300 


ns 


Cl=100pF 


tdg 


WRITE to ENABLE & 
DIRECTION + Delay 






450 


ns 


Cl=50pF 


tda' 


MEM IDLE to ENABLE- Delay 






400 


ns 


Cl=50pF 


tdlO 


MEM IDLE to XFER & DWS 
+ Delay 






300 


ns 


Cl=50pF 


tdiO' 


MEM IDLE to XFER & DWS 
- Delay 






300 


ns 


Cl=50pF 


^dll 


</) to STROBE + Delay 


30 




200 


ns 


Cl=50pF 


tdir 


to STROBE -Delay 


30 




200 


ns 


Cl=50pF 



Notes 

1. Input and output capacitance is 3 to 5 pF, typical, on all pins except 
Vdd- Vqg. a"cl Vss- 

2. These specifications are those of and WRITE as supplied by the F3850 
CPU. 
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Fig. 6 F3854 DMAC Timing Cliaracteristics 

-P0 




ENABLE- 
DIRECTION 



ADDRESS 
LINES 



/ 



1 



/ 



\^ td7- 



^ 



N. 



h« td7' — H 



— H 



■^ 



— >H»dl1 -* 

n 



\ 



DC Characteristics 



The dc characteristics of the F3854 are described in 
Table 4. 



Absolute Maximum Ratings 

Vdd 

Vgg 

All Other Inputs and Outputs 

Storage Temperature 

Operating Temperature 



-0.3 V, +7 V 
-0.3 V, +15V 
-0.3V, +7 V 

0*^0, +70X 



These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
indicated in this data sheet, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 



Note 

All voltages are with reference to Vss- 
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Table 4 DC Characteristics Vss = 


:0 V, Vdd= +5V ±5%, 


Vgg= + 


12V ± 


5%,Ta 


= OXto +70X 


Signal 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 




Idd 


Vdd Current 




20 


40 


mA 


f = 2 MHz, Outputs Unloaded 




'gg 


Vqg Current 




15 


28 


mA 


f = 2 MHz, Outputs Unloaded 


Data Bus 


V,H 


Input High Voltage 


3.5 




Vdd 


V 




(DB0-DB7) 


V,L 


Input Low Voltage 


Vss 




0.8 


V 






VOH 


Output High Voltage 


3.9 




Vdd 


V 


Ioh=-100/aA P 




Vol 


Output Low Voltage 


Vss 




0.4 


V 


loL=1-6mA K 




l|H 


Input High Current 






1 


/.A 


V|N = 6 V, 3-State Mode 




l|L 


Input Low Current 






-1 


/.A 


V|N = Vss» 3-State Mode 


Address Lines 


VoH 


Output High Voltage 


4.0 




Vdd 


V 


loH= -1 mA 


(ADDRo-ADDRis) 


Vol 


Output Low Voltage 


Vss 




0.4 


V 


loL=3.2 mA 




II 


Leakage Current 






1 


/^A 


V,N = 6 V, 3-State Mode 


ENABLE, DIRECTION, 


VoH 


Output High Voltage 


3.9 




Vdd 


V 


loH=-100/.A 


DWS, XFER, STROBE 


Vol 


Output Low Voltage 


Vss 




0.4 


V 


loL=2 mA 




"l 


Leakage Current 






1 


/.A 


V|N = 6V 


MEM IDLE, XFER 


V,H 


Input High Voltage 


3.5 




Vdd 


V 




REG 


V,L 


Input Low Voltage 


Vss 




0.8 


V 






'l 


Leakage Current 






1 


/^A 


V,N = 6V 


LOAD REG, READ 


V|H 


Input High Voltage 


3.5 




Vdd 


V 




REG, P1, P2 


V,L 


Input Low Voltage 


Vss 




0.8 


V 






II 


Leakage Current 







1 


^A 


V,N = 6V 


WRITE, 


V,H 


Input High Voltage 


4.0 




Vdd 


V 






V|L 


Input Low Voltage 


Vss 




0.8 


V 






II 


Leakage Current 







1 


^.^ 


V,N = 6V 



Ordering Information 



Order Code 


Package 


Temp. Range* 


F3852PC 


Plastic 


C 


F3852PL 


Plastic 


L 


F3852DC 


Ceramic 


C 


F3852DL 


Ceramic 


L 


F3852DM 


Ceramic 


M 


F3853PC 


Plastic 


C 


F3853PL 


Plastic 


L 


F3853DC 


Ceramic 


C 


F3853DL 


Ceramic 


L 


F3853DM 


Ceramic 


M 



*C = Commercial Temperature Range 0°C to + 70°C 
L= Limited Temperature Range - 40 °C to + 85 °C 
M = Military Temperature Range -SS'Cto +1?'^°C 
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F38T56 

Program Storage 
Unit 

Microprocessor Product 



Description 

The Fairchild F38T56 is a program storage device for the F8 
microcomputer system. It performs basically the same 
functions as does the Fairchild F3851/F3856 storage unit, 
except for its timer. For a complete description of the 
F38T56 features, functions, and operation, refer to the 
F3851/F3856 Program Storage Unit (PSU) data sheet. 



Connection Diagram 



I/O B7 [^ 


W L_ 

1 40 rj DB7 


I/O A7 L 


2 


39 ^ DB6 


Vgg^ 


3 


38 J I/O Be 


Vdd^ 


4 
5 


37 
36 


J I/O A6 


EXT INT L. 


J I/O As 


PRI OUT [_ 


6 


35 J I/O B5 


WRITE ^ 


7 


34 ^DB5 


*i: 


8 
9 


33 
32 


Job. 


INT REQ [_ 


J I/O B4 


PRI IN [^ 


10 


31 


J I/O A4 


DBDRL. 


11 


30 


_J I/O A3 


STROBE [^ 


12 


29 


Jj I/O Ba 


ROMC4 ^ 


13 


28 


^DBs 


ROMC3 \^ 


14 


27 


];]db2 


R0MC2 12 


15 


26 


_J I/O B2 


ROMCi [^ 


16 


25 


Jj I/O A2 


ROMCo C 


17 


24 


J I/O Ai 


VssC 


18 


23 


_J I/O Bi 


I/O Ao ^ 


19 


22 


JDB, 


I/O Bo L^ 


20 


21 


Job. 



Signal Functions 






PORTS \ -«-^ 



WRITE 

iTOAo 
I75Ai 
rfOTAa 
170^3 
l7CrA4 

1701^ 
170^7 
iTJTBo 

170^ 2 
I/O 83 

I70~B5 
l7?rB6 



DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 

DB7 


.•-► 






DATA 
^BUS 


ROMCo 
ROMC1 
ROMC2 
ROMC3 
ROMC4 


* > 




"•— 1 


CONTROL 


^ 1 


*" 








EXT INT 

INT REQ 

PRTTR 

PRI out 

Vdd 
Vqg 
Vss 








INTERRUP 






^j 


POWER 
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Device Organization 

The F38T56 program storage unit Is more than a read-only 
memory unit: every memory device within the F8 system 
contains Its own memory addressing logic, along with 
associated address registers. Figure 1 Is a simplified block 
diagram of the F38T56 PSU. A single 8-blt data bus pro- 
vides all necessary communication between a PSU (or any 
other memory device) and an F3850 CPU. 

The PSU has an elementary arithmetic unit that can incre- 
ment and add 16-bit data units; for memory addressing 
logic, these two operations are sufficient. Figure 2 Is a 
diagram of the F38T56 logic organization and pins. The 
storage devices contain a control unit that decodes the five 
read-only memory control (ROMC) lines generated by the 
CPU as though they were a 5-bit instruction code. Similar to 
the CPU, the PSU generates internal signals to control data 
flow and arith metic lo gic within Itself. One control output, 
data bus drive (DBDR), is generated to coincide with data 
being output by the PSU. 



Timer and interrupt Control Port 

The F38T56 timer is an 8-blt binary down counter that is 
software programmable to operate In one of three modes: 
the Interval timer mode, the pulse width measurement 
mode, the event counter mode. As figure 3 shows an 8-bit 
register called the interrupt control port, a programmable 
prescaler, and an 8-bit modulo-N register are associated 
with the timer. 

The desired timer code, prescale value, starting and stop- 
ping the timer, active level of EXT INT pin, and local enabl- 
ing or disabling or disabling of interrupts are selected by 
outputting the proper bit configuration from the ac- 
cumulator to the Interrupt control port (Port XXXXXX10) 
with an OUT or OUTS instruction. 



Figure 1 PSU Simplified Blocic Diagram 
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2K X 8-BIT 
ROM 



PROGRAM 
COUNTERS 



DATA 
COUNTERS 



PROGRAMMABLE 
TIMER 
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Interrupt Control Port (ICP) (Port XXXXXX10) 



A special situation exists when reading the interrupt control 
port (with an IN or INS instruction). The accumulator is not 
loaded with the contents of the ICP. Rather, accumulator 
bits through 6 are loaded with O's, whi le B i t 7 i s loaded 
with the logic level bei ng applie d to the EXT INT pin, thus 
allowing the status of EXT INT to be determined without 
needing to service an external interrupt request. This 
capability is useful in establishing a high-speed polled 
handshake procedure or for using EXT INT as an extra in- 
put pin if external interrupts are not required and the timer 
is used only in the interval timer mode. However, to read 
the content of the ICP, one of the 64 scratchpad 
registers can be used to save a copy of whatever is 
written to the ICP. 



The rate at which the timer is clocl^ed in the interval timer 
mode is determined by the frequency of the O clock and by 
the division value selected for the prescaler. If ICP bit 5 is 
set and bits 6 and 7 are cleared, the prescaler divides by 
two. Likewise, is bit 6 or 7 is individually set, the prescaler 
divides « by 5 or 20, respectively. Combinations of bits 5, 6, 
and 7 may also be selected. For example, if bits 5 and 7 are 
set while 6 is cleared, the prescaler will divide by 40. Thus, 
possible prescaler values are -^2, -i-5, ^-10, -f-20, -r40, 
-H 100, and -r200. 

Any of three conditions, causes the prescaler to be reset: 

1. When the timer is stopped by clearing ICP bit 3. 

2. When an output instruction to the timer (port XXXXXX11) 
is executed. 



Figure 2 F38T56 Block Diagram 
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Signal Descriptions 

The PSU input and output signals are described in Table 1. 
Table 1 PSU Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 


8 


Clock 


The two clock input signals originate at the F3850 CPU. 


I/O Ports 

l/OAo - 

I/OA7 
I/O Bo - 


19,24 
25,30 
31,36 
37,2 

20, 23, 
26,29 

38, 1 


I/O Ports A 
I/O Ports B 


Bidirectional ports through which the PSU communicates 
with logic external to the microprocessor system. 


l/OB731,35 




Control 

ROMCq - 

ROMC4 


17,16 
15, 14 
13 


Read Only 

Memory 

Control 


Input signals that originate at the F3850 CPU and control 
internal functions of the PSU 


Data Bus 

DBo- 

DB, 


21, 22, 
27, 28, 
33, 34, 
39, 40, 
11 


Data Bus 

Data Bus 
Drive 


Bidirectional three-state lines that link the PSU to all other 
devices within the microprocessor system. 


DBDR 


A low output, open drain signal that indicates the data bus 
currently contains data flowing from the PSU. 


Strobe 

STROBE 


12 


Strobe 


This output signal provides a positive pulse when I/O port is 
being read by an input instruction or is being updated by an 
output instruction (F38T56). 


Interrupt 

EXT INT 

INT REG 

PRi IN 
PRI OUT 


5 
9 

10 
6 


External 
Interrupt 

Interrupt 
Request 

Priority In 

Priority 
Out 


A high-to-low transition on this input signal is interpreted as 
an interrupt request from an external device. 

This output signal is the INT REQ input to the F3850 CPU; it 
must be output low to interrupt the CPU, which occurs only if 
PRI IN is low and PSU interrupt control logic is requesting an 
interrupt. 

Unless this input is low, the PSU will not set the INT REQ 
signal low in response to an interrupt. 

This output signal becomes the PRI IN signal to the next 
device in the Interrupt-prlorlty daisy chain; it is output high 
unless the PRI IN signal is entering the PSU low and the PSU 
is not requesting an interrupt. 


Power 

Vdd 
Vqg 
Vss 


4 

3 

18 


Power Supply 
Power Supply 
Ground 


-h5V(±5%) 

-t-12V(± 5%) 

System ground — V; Vpo and \/qq are referenced to Vgs- 
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3. Or the trailing edge transition of the EXT INT pin when 
in the pulse width nneasurement mode is executed. 
Conditions 2 and 3 are explained in more detail. 

An OUT or OUTS instruction to the timer loads the con- 
tents of the accumulator to both the timer and the 8-bit 
modulo-N register, reset the prescaler, and clears any 
previously stored timer interrupt request. As previously 
noted, the timer is an 8-bit down counter clocked by the 
prescaler the interval timer mode and in the pulse width 
measurement mode. The prescaler is not used in the event 
counter mode. The modulo-N register is a buffer for saving 
the value most recently outputted to Port XXXXXX11. The 
modulo-N register Is used in all three timer modes. 

Interval Timer Mode 

When ICP bit 4 is cleared (logic 0) and at least one prescale 
bit is set, the timer operates In the interval timer mode. 
When bit 3 of the ICP is set, the timer starts counting down 
from the modulo-N value. After counting down to H'01', the 
timer returns to the modulo-N value at the next count. On 
the transition from H'01' to H'N', the timer sets a timer in- 
terrupt request latch. Note that the interrupt request latch 
is set by the transition of H'N' in the timer, thus allowing a 
full 256 counts if the modulo-N register is preset to H'OO'. If 
bit 1 of the ICP is set and PR! IN is low, the interrupt re- 
quest is passed to the F3850 CPU. However, if bit 1 of the 
ICP is a logic 0, the interrupt request is not passed on to 
the CPU. If bit 1 is subsequently set, the interrupt request 
is then passed. Only two events can reset the timer 
interrupt request latch. 



1. When the timer interrupt request is acknowledged by 
the CPU. 

2. When a new load of the modulo-N register is performed. 
The Interrupt priority sequence is discussed In a 
separate section. 

Consider an example in which the modulo-N register is 
loaded with H'64 (decimal 100). The timer interrupt request 
latch is set at the 100th count following the timer start, and 
the timer interrupt request latch is repeatedly set on 
precise 100 count intervals. If the prescaler is set at -^40, 
the timer interrupt request latch is set every 4000 clock 
periods. For a 2-MHz <t) clock, this setting produces 2-ms 
intervals. 

The range of possible intervals is from 2 to 51,200 <l> clock 
periods (1 ^s to 25.6 ms for a 2 MHz clock). However, ap- 
proximately 50 clock periods is a practical minimum, 
because the time between setting the interrupt request 
latch and the execution of the first instruction of the inter- 
rupt service routine is at least 29 <D periods (the response 
time is dependent upon how many privileged instructions 
are encountered when the request occurs). Establishing 
time intervals greater than 51,200 clock periods is a sim- 
ple matter of using the timer interrupt service routine to 
count the number of interrupts and saving the result in one 
or more of the scratchpad registers until the desired inter- 
val is achieved. With this technique, virtually any time 
interval or several time Inten^als can be generated. 




Fig. 3 Timer and Interrupt Control Port Block Diagram 
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The timer can be read at any time and in any mode using 
an input instruction (IN or INS) and can take place "on the 
fly" without interfering with normal timer operation. Also, 
the timer can be stopped at any time by clearing bit 3 of 
the ICP. The timer holds its current contents indefinitely 
and resumes counting when bit 3 is again set. Recall, 
however, that the prescaler is reset whenever the timer is 
stopped; thus, a series of starting and stopping results in a 
cumulative truncation error. 



modulo-N value are easily measured by using the timer in- 
terrupt service routine to store the number of timer inter- 
rupts in one or more scratchpad registers. 

As for accuracy, the actual pulse duration is typically slight- 
ly longer than the measured value, because the status of 
the prescaler is not readable and is reset when the timer is 
stopped. Thus, for maximum accuracy, it is advisable to use 
a small division setting for the prescaler. 



A summary of other timer errors is given in the timing sec- 
tion of this specification. For a free-running timer in the in- 
terval timer mode, the time interval between any two inter- 
rupt requests can be in error by plus or minus six clock 
periods, although the cumulative error over many intervals 
is zero. The prescaler and timer generate precise intervals 
for setting the timer interrupt request latch, but the time 
out can occur at any time within a machine cycle. (The 
timer has two types of machine cycles; short cycles con- 
sisting of four clock periods and long cycles consisting 
of six clock periods.) The write clock corresponds to a 
machine cycle. Interrupt requests are synchronized with the 
write clock, thus giving rise to the possible plus or minus 
six error. Additional errors may arise due to the Interrupt 
request occurring while a privileged instruction or multicy- 
cle instruction is being executed. Nevertheless, for most 
applications, all the above errors are negligible, especially if 
the desired time interval is greater than one ms. 

Pulse Width Measurement Mode 

When ICP bit 4 is set (logic 1) and at least one prescale bit 
is set, the timer operates in the pulse width measurement 
mode. This mode is used to accurately measure the dura- 
tion of a pulse applied to the EXT INT pin. T he timer is 
stopped and the prescaler is reset whenever EXT INT is at 
its inactive level. Th e act i ve le vel of EXT INT is d efined by 
ICP bit 2: if cleared, EXT INT is active low; if set, E)(T INT is 
active high. If ICP bit 3 is set, the prescaler and timer start 
counting when EXT INT transitions to the active level. 
When EXT INT returns to the inactive level, the timer stops, 
the prescaler resets, and, if ICP bit is set, an external in- 
terrupt request latch is set. (Unlike timer interrupts, external 
interrupts are not latched if the ICP interrupt enable is 
not set). 

As in the interval timer mode, the timer can be read at any 
time and stopped at any time by clearing ICP bit 3, the 
prescaler and ICP bit 1 function as previously described 
and the timer still functions as an 8-bit binary down counter 

with the timer interrupt request latch being set on the 

timer's transition from H'OV to H'N'. Note that the EXT INT 
pin has nothing to do with loading the timer; automatically 
starts and stops the timer and generates external inter- 
rupts. Pulse widths longer than the prescale value times the 



Event Counter Mode 

When ICP bit 4 is cleared and all prescale bits (ICP bits 5, 

6, and 7) are cleared, the timer operates in the event 

counter mode, used for counting pulses applied to the EXT 
INT pin. If ICP bit 3 is set, the timer decrements on each 
transition from the inactive level to the active level of the 
EXT INT pin. Although the prescaler is not used in this 
mode as in the other two timer modes, the timer can be 
read at any time and stopped at any time by clearing ICP 
bit 3, ICP bit 1 functions as previously described, and the 
timer interrupt request latch is set on the timer's transition 
from H 'Or to H'N'. 

Normally ICP bit should be kept cleared in the event 
counter mode; othenA/ise, external interrupts are generated 
on the transitio n from the inactive level to the active level 
of the EXT INT pin. 

For the ev ent coun ter mode, the minimum pulse width re- 
quired on EXT INT is two clock periods, and the minimum 
inactive time is two clock periods, therefore, the max- 
imum repetition rate is 500 Hz. 

External Interrupts 

When the timer is in the interval timer mode, the EXT INT 
pin is available for non-timer related interrupts. If ICP bit 
is set, an external interrupt request latch is set when there 
is a transi tion from the inactive level to the active level of 
EXT INT. (EXT INT is an edge-triggered input.) The interrupt 
request is latched until either acknowledged by the CPU or 
until ICP bit is cleared (unlike timer interrupt requests, 
which remain latched even when ICP bit 1 is cleared). 
External interrupts are handled in the same fashion when 
the timer is in the pulse width measurement mode or in the 
event counter mode, except that only in the pulse width 
measurement mode the ex terna l interrupt request latch is 
set on the trailing edge of EXT INT (that is, on the 
transition from the active level to the inactive level). 

Interrupt Handling 

Figure 4 is a block diagram of the interrupt interconnection 
for a typical F8 system. Each PSU and each PIO has a PRI 
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IN and a PRI OUT line so that they can be daisy chained 
together In any order to form a priority level of interrupts. 

When a PIO re ceive s an interrupt (either timer or external), 
It pulls Its PRI OUT output high, signaling all lower priority 
peripherals that It has a higher priority interrupt request 
pending on the CPU. Also, when the PIO's PRI IN Input Is 
pulled high by a higher priority peripheral, signaling the PIO 
that there is a still higher priority interrupt reque st, it 
passes that signal along by pulling its PRI OUT high. When 
the CPU processes an interrupt request it commands the 
interrupting device to place its Interrupt vector address on 
the data bus. Only that device whose PRI IN is low and that 
has an interrupt request pending responds. Should there be 
another lower priority device with a pending request, it does 
not respond at that time because its PRI IN input is high. 

If there is both a timer interrupt request and an external in- 
terrupt request when the CPU starts to process the 
requests, the timer interrupt is handled first. 

Within each local interrupt control circuit is a 16-bit inter- 
rupt address vector. This vector is the address to which the 
program counter is set after an interrupt is acknowledged 
and hence is the address of the first executable instruction 
of the interrupt routine. The F38T56 has an Interrupt ad- 
dress that is particular to the version of the F38T56 
selected by the user. 

Fifteen bits are fixed: bits through 6 and 8 through 15. Bit 
7 is dependent upon the type of interrupt. This bit is a 
for internal timer generated Interrupts and a 1 for external 
interrupts. When the interrupt logic sends an interrupt re- 
quest signal and the CPU is enabled to service it, the nor- 
mal state sequence of the CPU is interrupted at the end of 
an instruction. The CPU signals the interrupt circuits via 



the five control lines. The requesting local Interrupt circuit 
sends a 16-bit interrupt address vector (from the Interrupt 
address generator) onto the data bus In two consecutive 
bytes. The address is made available to the program 
counter via the address demultiplexer circuits. The address 
is simultaneously made available to all other devices con- 
nected to the data bus. It is the address of the next instruc- 
tion to be executed. The program counter (PO) of each 
memory device is set with this new address, while the 
stack register (P) is loaded with the previous contents of 
the program counter. The information in P Is lost, and the 
next instruction to be executed is thus determined by the 
value of the interrupt address vector. 

The interrupt control bit (ICB) of the CPU )loaded in the W 
register) allows interrupts to be recognized. Clearing the 
ICB prevents acknowledgement of interrupts. The ICB Is 
cleared during power on and external reset and after an in- 
terrupt is acknowledged. The Interrupt status of the PSU, 
PIO, or Ml devices is not affected by the execution of the 
disable Interrupt (Dl) instruction. At the conclusion of most 
instructions, the fetch logic checks the state of the Inter- 
rupt request line. If an interrupt occurs the next instruction 
fetch cycle Is suspended and the system Is forced Into an 
interrupt sequence. 

Mask Option Formats 

Mask options must be submitted to Fairchild 
Microprocessor Division before device manufacture. The 
data to be stored In permanent memory may be submitted 
in the form of an EPROM or HP2644/Hp2645 cartridge (For- 
mulator format only). Other options must be specified on 
the Fairchild ROM Code Entry Form, available from a 
Fairchild representative. 




Fig. 4 F8 Interrupt interconnection 




EXTERNAL INTERRUPT LINES- 
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Table 2 PSU DC Characteristics 



Symbol 


Parameter 


Signal 


Min 


Max 


Units 


Test Conditions 


V|H 


Input High Voltage 


Data Bus (DBq-DB^) 


2.9 


Vdd 


V 




V|L 


Input Low Voltage 




Vss 


0.8 


V 




VOH 


Output High Voltage 




3.9 


Vdd 


V 


loH = -100mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 1.6 m A 


>IH 


Input High Current 


F3851 1.0 




3.0 


mA 


V|N = Vdd» 3-State Mode 


'OL 


Input Low Current 






-3.0 


mA 


V|N = Vss, 3-State Mode 


V|H 


Input High Voltage 


Clock Lines (<}>, WRITE) 


4.0 


Vdd 


V 




v„ 


Input Low Voltage 




Vss 


0.8 


V 




II 


Leal<age Current 






3.0 


mA 


V,N = Vdd 


V,H 


Input High Voltage 


Priority In and Control 


3.5 


Vdd 


V 




V|| 


Input Low Voltage 


Lines (PRI IN, ROMCq- 


Vss 


0.8 


V 




II 


Leakage Current 


ROMC4) 




3.0 


mA 


V,N = Vdd 


VoH 


Output High Voltage 


Priority Out (PRI OUT) 


3.9 


Vdd 


V 


Iqh = -100 mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 100 mA 


VoH 


Output High Voltage 


Interrupt (INT REQ) 






V 


Open Drain Output Note 1 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 1.0 mA 


'l 


Leakage Current 






3.0 


mA 


V,N = Vdd 




Output High Voltage 












VoH 


Data Bus Drive (DBDR) 


External Pull-up 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 2.0 mA 


'l 


Leakage Current 






3.0 


mA 


V|N = Vdd 


VoH 


Input High Voltage 


STROBE 


3.9 


Vdd 


V 


Iqh = 1.0 mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 2.0 mA 


V|H 


Input High Voltage 


External Interrupt 


2.9 


Vdd 


V 


l,N = -130mA 


V|, 


Input Low Voltage 


(EXT INT) 


Vss 


0.8 


V 


(Internal Pull-up) 


V|L 


Input Low Current 






-1.6 


mA 


V,N = 0.4V 


VoH 


Output High Voltage 


I/O Port Option A 


3.9 


Vdd 


V 


Iqh = - 30 mA, Note 5 


VoH 


Output High Voltage 


(Standard Pull-Up) 


2.9 


Vdd 


V 


loH= -150mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 1.6 m A 


V,H 


Input High Voltage 




2.9 


Vdd 


V 


Internal Pull-up to Vdd, 


V,, 


Input Low Voltage 




Vss 


0.8 


V 


Note 3 


'iL 


Input Low Current 






-1.6 


mA 


V|N = 0.4 V, Note 4 


VoH 


Output High Voltage 


I/O Port Option B 








External Pull-up 


Vol 


Output Low Voltage 


(Open Drain) 


Vss 


0.4 


V 


Iql = 2.0 mA, Note 3 


V,H 


Input High Voltage 




2.9 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




VoH 


Output High Voltage 


I/O Port Option C 


4.0 


Vdd 


V 


Iqh = -1.0 mA 


Vol 


Output Low Voltage 


(Driver Pull-Up) 


Vss 


0.4 


V 


Iql = 2.0 mA 



Notes: 

1. 
2. 
3. 
4. 
5. 



Pull-up resister to V^d on CPU. 

Positive current Is defined as conventional current flowing into the pin referenced. 

Hysteresis input circuit provides additional 0.3 V noise immunity, while internal/external pull-up provides TTL compatibility. 

Measured while I/O port is outputting a high level. 

Guaranteed, but not tested. 
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DC Characteristics 



The dc characteristics of the PSU device are given in 
table 2. 



Vss = V 
Vqd = +5V ±5% 
Vqg = +12V ±5% 
Ta = OX to +70X 



Supply Currents 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test 
Conditions 


'dd 


VooCurrent 




28 


60 


mA 


f = 2 MHz, Outputs 
Unloaded 


IGG 


VQGCurrent 




10 


30 


mA 


f = 2 MHz, Outputs 
Unloaded 




Absolute Maximum Ratings 

These are stress ratings only, and 
functional operation at these ratings 
or under any conditions above those 
indicated in this data sheet Is not Im- 
plied. Exposure to the absolute max- 
imum rating conditions for extended 
periods of time may affect device 
reliability, and exposure to stresses 
greater than those listed may cause 
permanent damage to the device. 



Supply voltage Wqq 
Supply voltage Vpo 
I/O port open drain option 
Other I/O port options 
All Inputs and outputs 
Storage temperature 
Ambient temperature, under 
bias 



-0.3 V, +15 V 
-0.3 V, +7 V 
-0.3 V, +15 V 
-0.3 V, +7 V 
-0.3 V, +7V 
-55X, +150X 

OX, +70X 



Thermal resistance values: 



Plastic: 

0JA (Junction to ambient) 
ejc (Junction to case) 



= 60X/W (Still Air) 
= 42X/W 



Ceramic: 

0JA (Junction to ambient) 
Qjc (Junction to case) 



48X/W (Still Air) 
33X/W 
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Recommended Operating Ranges 

The recommended operating ranges of the PSU devices are 
shown below. 



Part 
Number 


Supply Voltage (Vdd) 






Supply Voltage Vcq 




MIN TYP 


MAX 


MIN 


TYP MAX 


Vss 


F38T56 


+ 4.75 V +6V 


+ 5.26 V 


+ 11.4V 


+ 12V + 12.6 V 


OV 



Ordering Information 



Part Number 


Package 


Temperature* 


F38T56 DC 


Ceramic 


C 


F38T56 DL 


Ceramic 


L 


F38T56 DM 


Ceramic 


M 


F38T56 PC 


Plastic 


C 


F38T56 PL 


Plastic 


L 


F38T56 PM 


Plastic 


M 



C = Commercial Temperature Range CC to + ZO'C 
L = Limited Temperature Range -40°Cto +85X 
M = Military Temperature Range -55°Cto +125*'C 
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Peripheral Input/Output 



Microprocessor Product 



Description 

The Fairchlld F3861 Peripheral Input/Output (PIO) device 
provides two 8-bit I/O ports, external interrupt, and a pro- 
grammable timer. An 8-bit wide bidirectional data bus 
transfers I/O data bytes between the F3870 Central 
Processing Unit (CPU) and the PIO. 

The PIO is used in systems that require the I/O capability 
and interrupt functions of the F3851 PSU but do not need 
the read-only memory (ROM) storage of the PSU. The PIO is 
pin-compatible with the PSU. 

The F3861 PIO has five versions available, each with its 
own set of preassigned I/O port addresses and interrupt 
vectors. 

The F3861 is manufactured using isoplanar N-channel, 
silicon-gate technology; therefore, power dissipation is very 
low (less than 250 mW). 

• 16 Bidirectional, Individualy Controlled I/O Lines 
Organized as Two 8-bit Ports 

• Programmable Timer-Preset, Start, Stop, and Read- 
Back Ability; Selectable Timer Count Rates 

• Full Interrupt Level-Daisy-Chain Expandable, 
Independent Interrupt Address Vectors for Timer and 
External Interrupt 

• Pulse Width Measurement Capability 

• TTL and LSTTL Compatible 

• -f 5 V and -I- 12 V Power Supplies 

• 2-MHz Operation 

• Low Power Dissipation, Typically Less Than 250 mW 



Connection Diagram 



I/O A? [^ 

Vgg [^ 

Vdd[; 

EXT INT [^ 

PRI OUT [^ 

WRITE [^ 



INT REQ [^ 
PRI IN 1^ 
DBDR \^ 
NC[^ 
R0MC4 [^ 
R0MC3 \^ 
ROMC2 [^ 
ROMCi [^ 
ROMCo [^ 

VssC! 
I/O Ao \^ 
I/O Bo |~ 



-\y- 



Signal Functions 



i=: 



1/0/ .♦-». 

PORTS \ __ 



WRITE 

m^ 

I/O Ai 
I^Aa 

iTO'Sg 
i7?JA6 

170^ I1 
i7ol2 

175^ I5 



40 ^ DB7 
39 "^ DB6 
38 ^ I/O Be 
37 ^ I/O As 
36 ^ I/O As 
35 "^ I/O B5 
34 "^ DBS 
33 ^ DB4 
32 "^ I/O B4 
31 "^ I/O A4 
30 1^ I/O A3 
29 ^ I/O Ba 
^DBa 

;3db2 
'^'UoB'2 

'JIV0~A2 
^ I/O Ai 
^ I/O Bi 
^DBi 
^DBo 




DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 
DB7 

ROMCo 
ROMC1 
ROMC2 
ROMC3 
ROMC4 

INT REQ 

PRTOOT 

Vdd 
Vcc 
Vss 



DATA 
BUS 
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Device Organization 



System Cloclt Timing 



The peripheral input/output device includes I/O logic, timer 
logic, interrupt logic, data bus logic and control logic, as 
illustrated in figure 1. 

The interrupt logic responds to an interrupt request signal 
originating from internal timer logic or an external device. 
Based on priority considerations, the interrupt request is 
passed on to the F3850 CPU. The programmable timer uses 
a polynomial shift register in conjunction with interrupt 
logic to generate real-time intervals. 

The 8-bit data bus in the PIO is the main path for transfer 
of information between the F3850 CPU and other devices in 
the F8 microprocessor system. The device contains four 
preassigned I/O port addresses: the two lowest are assign- 
ed to the two I/O ports (A and B) and are used to tranfer 
data to and from external devices. The other two I/O ad- 
dresses are assigned to two internal registers of the PIO 
that control interrupt logic and are treated as I/O ports. 

Signal Descriptions 

The F3861 input and output signals are described In table 1. 



All timing within the F3861 PIO is controlled by the <t> and 
WRITE signals, which are input from the F385G CPU. Refer 
to the F3860 data sheet for a description of these clock 
signals. The WRITE clock refreshes and updates PIO 
registers, which are dynamic. The clock also drives the 
programmable timer. 

I/O Ports 

The PIO has two bidirectional 8-bit I/O ports used to 
transmit data between itself and external devices. In binary 
notation, the address for port A is XXXXXXOO and for port B 
is XXXXXX01, where the X binary digits are the unique I/O 
port select code for the PIO (see table 2). For example, if 
the port select code is 000001, port A may be called port 4 
and port B may be called port 5. (The PIO port select code 
is never designated as all Os, since ports and 1 are reserv- 
ed for the F3850 CPU.) In addition, the interrupt control Port 
(ICP) is addressed as port XXXXXX10 and the binary timer 
is addressed as port XXXXXX11, which become ports 6 and 
7, respectively, for the port select code example given 
above. 



Figure 1 F3861 Block Diagram 

I/O PORT A OUTPUT I/O 

STROBE 



INTERRUPT 
VECTOR ADDRESS 



PROGRAMMABLE 
TIMER 



INTERRUPT 
CONTROL 



INTERRUPT 
LOGIC 



XTT 

Vgg Vdd Vss 



DATA 
BUS 



A ROM 

( 5 CONTROL 
\| LINES 



external 
"interrupt 



- priority out 

- interrupt 

REQUEST 



Table 2 F3861 Port Addresses 



ADDRESS 


ASSIGNED TO 


xxxx xxoo 


I/O Port A 


XXXX XX01 


I/O Port B 


xxxx XX10 


Interrupt Control Register 


XXXXXX11 


Programmable Timer 



The port and interrupt address vector assignments are 
given in table 3. 

Table 3 F3861 Port and Address Assignments (HEX) 



Version 


Port 
Addresses 


Interrupt Address Vector 




Timer 


External 


F3861A 
F3861B 
F3861C 
F3861D 
F3861E 


4-7 

8-B 

20-23 

24-27 

4-7 


0600 
0340 
0320 
0360 
0020 


068C 
03C0 
03A0 
03E0 
OOAO 
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Table 1 F3861 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 



WRITE 


8 
7 


Clock 


The two clock Input signals originate at the F3850 CPU. 


I/O Ports 

)/OAo- 
1/0 A7 

I/O Bo - 
I/OB7 


19, 24, 
25,30 
31,36 
37,2 

20, 23, 
226, 29, 
31.35, 
38, 1 


I/O Ports A 
I/O Ports B 


Bidirectional ports through which the PIO comnnunlcates with 
logic external to the microprocessor system. 


Control 

ROMCo 
ROMG4 


17, 16, 
15, 14, 
13 


Read Only 

Memory 

Control 


Input signals that originate at the F3850 CPU and control 
internal functions of the PIO. 


Data Bus 

DBo - 
DB7 

DBDR 


21,22, 
27, 28, 
33, 34, 
39,40 

11 


Data Bus 

Data Bus 
Drive 


Bidirectional three-state lines that link the PIO to all other 
devices within the microprocessor system. 

A low output, open drain signal that indicates the data bus 
currently contains data flowing from the PIO. 


Interrupt 

EXT INT 

INT REQ 

PRilN 
PRI OUT 


5 
9 

10 
6 


External 
Interrupt 

Interrupt 
Request 

Priority 
In 

Priority 
Out 


A high-to-low transition on this input signal is interpreted as 
an Interrupt request from an external device. 

This output signal is the INT REQ input to the F3850 CPU; it 
must be output low to interrupt the CPU, which occurs only if 
PRI IN is low and PIO interrupt control logic is requesting 
an interrupt. 

Unless this input signal is low, the PIO does not set the INT 
REQ signal low in response to an interrupt. 

This output signal becomes the PRI IN signal to the next 
device In the interrupt-priority daisy chain; it Is output high 
unless the PRI IN signal is entering the PIO low and the PIO 
is not requesting an interrupt. 


Power 

Vdd 

Vgg 
Vss 


4 
3 
18 


Power 
Supply 

Power 
Supply 

Ground 


5 V(± 5%) 

-i-12V(± 5%) 

System ground— V; Vdd sincl Vqg a''© referenced to Vss- 
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Port Pin Description 

An output instruction (OUT or OUTS) causes the contents 
of the CPU accumulator (AGO) to be latched into the ad- 
dressed port. An input instruction (IN or INS) transfers the 
contents of the port to the AGO (port 6 is an exception that 
is described later)- The I/O pins on the PiO are logically 
inverted; the schematic of an I/O pin and available output 
drive options are shown in figure 2. Each output pin has an 
output latch that holds the data last output to that pin. The 
I/O ports of the PIO are configured in the standard 
pull-up option. 



When outputting data through an I/O port, the pin can be 
connected directly to a TTL gate input; data is input to the 
pin from a TTL device output. Since the I/O pin and the TTL 
device output are wire-ANDed, it is possible for the state of 
one to affect the transfer of data out from the I/O pin or in 
from the TTL device output. In most cases, therefore, I/O 
port bits should be set for a high level (logic 0) before data 
input to prevent incoming logic zeros from being masked 
by logic ones present at the port from previous outputs. 
However, the ability to mask bits of a port to logic 1 is 
useful during some input functions. 



Figure 2 i/O Pin Diagram with Output Buffer Options 




Programmabie Timer 

The 8-bit shift register, addressable as an I/O port, functions 
as a polynomial timer. This timer is loaded with a value of 
delay; it counts down this value of delay and, after the 
programmed inten^al, generates an interrupt through the 
interrupt logic of the PIO. 

The OUT or OUTS instruction is used to load the inten^al 
value into the programmable timer; the port number is 
H'07', H'OB', H'23', or H'27', as appropriate. The timer times 
out after a time inten^al given by the product 

(period of clock) x (timer counts) x 31 

The timer continues to run after a time-out; subsequent 
time-outs occur at intervals of 7905 clock periods. The 
timer does not run if it Is loaded with the value H'FF'. 



-i 



STANDARD 
OUTPUT 



r 




OPEN DRAIN 
OUTPUT 



DIRECT DRIVE 
OUTPUT 



interrupt Logic 

The interrupt logic block is programmed by output instruc- 
tions to the interrupt control port (port H'06', H'OA', H'22', or 
H'26', as appropriate). Only the least significant two bits are 
used; their interpretation is as follows. 

Contents of iCP interpretation 



Each I/O port pin is a wire-AND structure between an inter- 
nal output data latch and the external signal. The latch is 
loaded from the data bus. The output latches are not 
initialized by the system reset sequence. 



B'XXXXXXOO' Disable all interrupts 
B'XXXXXXOV Enable external interrupt, disable 
timer interrupt 

B'XXXXXXIO' Disable all interrupts 
B'XXXXXXH' Disable external interrupt, enable 
timer interrupt 



Note: The X designation represents "don't care" binary digits. 
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Figure 3 PIO Data Bus Timing 
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Instruction Execution 

The PIO responds to signals that are output by the F3850 
CPU In the course of implementing instruction cycles. 
Figure 3 illustrates timing during PIO data output to the 
data bus. This timing applies whenever a PIO is the data 
source. The PIO places data on the data bus, even in the 
worst case, In time for the setup required by any F3850 
CPU destination. The PIO receives a byte input from the 
data bus when commanded by an output instruction to load 
one of its two I/O ports or internal registers. Data bus tim- 
ing requirements for input to the PIO are also shown in 
figure 3; signal characteristics are given in the "Timing 
Characteristics" section. The data bus drive (DBDR) signal 
Is low while data o utput by the PIO is stable on the data 
bus. Thus, a DBDR low signal indicates that the data bus 
currently contains data flowing from a PIO. For systems 
with more than one program storage unit (PSU) or PIO, the 
DBDR output signals may be wIre-ORed an d the result used 
as a bus data flow direction indicator. The DBDR signal 
may remain low until timing interval td of th e next 
Instruction cycle following the one in which DBDR was 
set low. 



The PIO device executes the OUT instruction in the same 
manner as the OUTS instruction; the same is true for the IN 
and INS instructions. The difference between the long- and 
short-form instructions is only in the source of the 
I/O address. 

The F8 input/output instructions place the I/O port address 
on the data bus during one instruction cycle and then use 
the data bus in the following instruction cycle to do the 
actual I/O data movement. The read only memory control 
(ROMC) lines coming from the F3850 CPU signal the PIO 
that an I/O data movement is occurring during the current 
Instruction cycle. Therefore, the PIO needs to recognize 
whether the contents of the data bus during the instruction 
cycle just prior matched any of its four assigned I/O ad- 
dresses, wherever the ROMC lines indicate an I/O transfer. 
The address select logic constantly monitors the data bus 
for a match to any of the four addresses and holds the 
information of a match through the following cycle. 

Input Instructions that select a port cause the contents of 
the selected port to be placed on the data bus during the 
input cycle. Only the two I/O ports (lowest two addresses) 
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respond to input Instructions. Output instructions tliat 
select a port transfer the contents of the data bus to that 
port. Outputs of the latches change at the end of the I/O 
transfer cycle. 

Interrupt Handling 

A typical F8 system Interrupt interconnection Is s hown in 
figure 4. Each PSU and PIO has a PRI IN and PRI OUT line 
so that they can be daisy-chained together in any order to 
form a priority level of interrupts. When a PI O receives an 
interrupt (either timer or external), it pulls its PRI OUT out- 
put signal high, signaling all lower priority peipherals that It 
has a higher priority interrupt request pending on the CPU. 
Also, when the PIO device PRI IN input signal is pulled high 
by a higher priority peripheral, signaling the PIO that there 
is a still higher priorfty Int errupt req uest, it passes that 
signal along by pulling Its PRI OUT signal high. When the 
CPU processes an interrupt request, it commands the inter- 
rupting device to place Its Interrupt vector address on the 
data bus. Only the device with a PRI fi^ signal low and an 
interrupt request pending responds. Should there be 
another lower priority device with a pending request. It does 
not respond at that time because Its PRI IN input signal Is 
high. 

If there are both a timer Interrupt request and an external 
Interrupt request when the CPU starts to process the re- 
quests, the timer Interrupt Is handled first. 

Within each local Interrupt control circuit is a 16-bit Inter- 
rupt address vector. This vector Is the address to which the 
program counter Is set after an interrupt Is acknowledged 
and Is therefore the address of the first executable instruc- 
tion of the Interrupt routine. 



The interrupt address Is unique to the version of the PIO 
device selected by the user. Fifteen bits are fixed: bits 
through 6 and bits 8 through 15. Bit 7 (2') is dependent on 
the type of interrupt. This bit is a for internal timer- 
generated interrupts and a 1 for external interrupts. When 
the interrupt logic sends an interrupt request signal and the 
CPU Is enabled to service It, the normal state sequence of 
the CPU Is interrupted at the end of an instruction. The 
CPU signals the Interrupt circuits through the five ROMC 
lines. The requesting local interrupt circuit sends a 16-bit 
interrupt address vector (from the interrtipt address 
generator) onto the data bus in two consecutive bytes. The 
address is made available to the program counter through 
the address demultiplexer circuits. It is simultaneously 
made available to all other devices connected to the data 
bus and is the address of the next instruction to be ex- 
ecuted. The program counter of each memory device is set 
with this new address while the stack register Is loaded 
with the previous contents of the program counter. The in- 
formation in the program counter is lost. Thus, the next In- 
struction to be executed is determined by the value of the 
interrupt address vector. 

The interrupt control bit (ICB) of the CPU (loaded In the W 
register) allows Interrupts to be recognized. Clearing the 
ICB prevents acknowledgement of interrupts. The ICB is 
cleared during power-on, during external reset, and after an 
interrupt is acknowledged. The Interrupt status of the PSU, 
PIO, or memory Interface (Ml) device is not affected by ex- 
ecution of the disable interrupt (Dl) instruction from the 
CPU. At the conclusion of most instructions, the fetch logic 
checks the state of the interrupt request line. If an inter- 
rupt, occurs the next instruction fetch cycle Is suspended 
and the system Is forced into an Interrupt sequence. 



Figure 4 F8 System Interrupt interconnection 




EXTERNAL INTERRUPT LINES- 
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Interrupt Sequence 

Figure 5 details the interrupt sequence that occurs, whether 
the inter rupt request is from an external source through the 
EXT INT pin or from the PIO device internal timer. Events 
are labeled A through G. 

Event A 

An interrupt reques t must sa tisfy a set-up time requirement. 
If not satisfied, the INT REQ signal delays going low until 
the next negative edge of the WRITE clock. 

Event B 

Event B represents the instruction being executed when the 
interrupt occurs. The last cycle of B is normally the instruc- 
tion fetch for the next cycle. However, if B is not a privileg- 
ed instruction and the CPU interrupt control bit is set, the 
last cycle becomes a freeze cycle raher than a fetch. At the 
end of the freeze cycle the interrupt request latches are In- 
hibited from altering the intei'rupt daisy chain so that 
sufficient time is allowed for the daisy chain to settle. 

If B is a privileged instruction, the instruction fetch is not 
replaced by a freeze cycle; instead, the fetch Is performed 
and the next instruction is executed. Although unlikely to 
be encountered, a series of privileged instructions would be 
executed sequentially. One more instruction (a protected in- 
struction) Is executed after the last privileged instruction. 
The last cycle of the protected instruction then performs 
the freeze. 



In figure 5, the dashed lines on the EXT INT (El) timing 11- 
lustrate the last opportunity for the EXT INT signal to cause 
the last cycle of a nonprotected instruction to become a 
freeze cycle. The freeze cycle is a short cycle (four <t> clock 
periods) in all cases except where B is the decrement 
scratchpad instruction, in which case the freeze cycle is a 
long cycle (six (t> clock periods). 

The INT REQ signal goes low on the next negative edge of 
the WRITE signal if both the PRI IN signal is low and the ^ 
appropriate interrupt enable bit of the ICP is set. 

Event C 

This is a no-operatio n (NO-OP) long cycle, allowing time for 
the PRI IN/PRI OUT chain to settle. At a 2-Mhz <t> clock rate, 
a total of seven PIO, PSU, or Ml devices can be daisy- 
chained without the need for look-ahead logic. 

Event D 

In PSU circuits, the program counter (PO) is pushed to the 
stack register (P) to save the return address. The interrup- 
ting PIO places the lower eight bits of the interrupt vector 
address onto the data bus. This is always a long cycle. 

Event E 

In this long cycle, the PIO places the upper eight bits of the 
Interrupt vector address onto the data bus. 



Figure 5 
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Event F 

In this short cycle, the PIO Interrupting Interrupt request 
latch Is cleared. Also, the CPU Interrupt control bit Is 
cleared, thus disabling Interrupts until an El Instruction Is 
performed. Additionally, during Event F, the PRITM/PRI OUT 
daisy-chain freeze Is removed, since the Interrupt vector 
address has been passed to the CPU. Another action Is the 
fetch of the Instruction from the Interrupt address. 

Event G 

This event starts executing the first instruction of the 
Interrupt service routine. 

Summary off Intenxipt Sequence 

For the PIO, the interrupt response time is defined as the 
time elapsed between the occurrence of the E>?r iRT signal 
going active (or the timer ti-ansltlon to H'N') and thiB begin- 
ning of execution of the first instruction of the Interrupt 
service routine. The Interrupt response time is a variable 
dependent on what the microprocessor Is doing when the 
Interrupt request occurs. 

As shown in figure 5, the minimum interrupt response time 
Is three long cycles plus two short cycles plus one write 
clock pulse width plus a set-up time of an EXT INT signal 
prior to the leading edge of the write pulse, a total of 27 <}> 
clock periods plus the set-up time. At 2 MHz, this Is 14.26 
pes. Although the maximum could theoretically be Infinite, a 
practical maximum Is 35 /iS (based on the Interrupt request 
occurring near the beginning of a PI and LR K, P sequence). 

ROMC States 

Table 4 shows the function performed by the PIO device for 
each ROMC command. Each function is performed entirely 
within one machine cycle (one cycle of the WRITE clock). 
All other ROMC states are decoded as NO-OP. 



Table 4 PIO Functions Versus ROMC States 



ROMC State 




Binary 


Hex 


PIO Functions 


01111 

10000 
10011 

11011 


OF 

10 
13 

IB 


If this circuit is interrupting and is 
highest in the priority chain, move 
lower half of interrupt vector into 
the data bus. 

Place interrupt circuitry in an in- 
hibit state that prevents altering 
the interrupt priority chain. 

If the contents of the data bus in 
the prior cycle was an address of 
I/O ports on this device, move the 
current contents of the data bus 
into the appropriate port (I/O A, I/O 
B, timer or control). 

If the contents of the data bus in 
the prior cycle was an address of 
I/O ports on this device, move the 
contents of the appropriate I/O 
port onto the data bus (I/O A 
or I/OB). 



Timing Characteristics 

Timing signals are illustrated in figures 3, 6, and 7; the 
signal timing characteristics are presented in table 5. 
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Figure 7 F3861 Inl 
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Note: Timing measurements are made at valid logic level to valid logic level of the signals references, unless othenA/ise noted. 
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Table 5 F3861 Timing Characteristics 



The ac characteristics are Voc = OV, \/qq = + 5V( ± 5%), 
TA = OCto + 70X. 



SymtK)! 


Parameter 


IVIin 


Typ 


Max 


Units 


Test 
Conditions 


P0 


<D Period 


0.5 




10 


5ms 




PWi 


(D Pulse Width 


180 




P<D-180 


ns 


tr,tf = ns typ. 


tdi 


<D to WRITE + Delay 


60 




250 


ns 


Cl=100pF 


td2 


to WRITE - Delay 


60 




225 


ns 


Cl = ioopf 


td4 


WRITE to DB Input Delay 






2P0-I-1.O 


MS 




PW2 


WRITE Pulse Width 


PcD-100 




p<D 


ns 


tptf = 50 ns typ. 


PWs 


WRITE Period; Short 




4P0 








PWl 


WRITE Period; Long 




6P0 








td3 


WRITE to ROMC Delay 
WRITE to DB Output Delay 






550 


ns 




tdz 


WRITE to DBDR - Delay 


2P0-i-1OO-td2 


2P0 + 2OO 


2P<D+850-td2 


ns 


Cl=100pF 


tdg 


WRITE to DBDR + Delay 




200 




ns 


Open Drain 


tri 


WRITE to INT REQ - Delay 






430 


ns 


Cl=100pF(1) 


tr2 


WRITE to INT REQ + Delay 






430 


ns 


Cl=100pF(3) 


tpr^ 


PRI IN to INT REQ - Delay 






240 


ns 


Cl=100pF(2) 


tprg 


PRI IN to INT REQ + Delay 






240 


ns 


Cl=100pF 


tpdi 


PRI IN to PRI OUT - Delay 












tpd2 


PRI IN to PRI OUT + Delay 






365 


ns 


Cl = 50 pF 


tpda 


WRITE to PRI OUT + Delay 






700 


ns 


Cl = 50 pF 


tpd4 


WRITE to PRI OUT - Delay 






640 


ns 


Cl = 50pF 


*tsp 


WRITE to Output Stable 






2.5 


MS 


Cl = 50pF 

Standard 

Pull-up 


*tsu 


I/O Setup Time 


1.3 






MS 




*th 


I/O Hold Time 









ns 




*tex 


EXT INT Setup Time 


400 






ns 





Notes: 

1. Assume Priority In was enabled (PRI IN = 0) in the previous F8 cycle 
before the interrupt is detected in the PIG. 

2. The PSU has an interrupt pending befo re priority in is enabled. 

3. Assunne the pin is tied to the INT REQ input of the F3850 CPU. 

4. The starred • parameters in the table represent those most frequently 
of importance when interfacing to an F8 system. Other parameters are 
typically those that are relevant between F8 chips and are not normally 
of concern to the user. 

5. Input and output capacitance is 3 to 5 pF typical on all pins except 
VdD' Vqg, and Vss- 
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DC Characteristics 

The dc characteristics of the F3861 PIO are supplied in 
table 6. 

Table 6 F3861 PIO DC Characteristics 



Symbol 


Parameter 


Signal 


Min 


Max 


Units 


Test Conditions 


V,H 


Input High Voltage 


Data Bus (DB0-DB7) 


3.5 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




VOH 


Output High Voltage 




3.9 


Vdd 


V 


Iqh = - 100 mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 1.6 mA 


«IH 


Input High Current 






1 


mA 


V|N = 6V, 3-State mode 


"OL 


Input Low Current 






-1 


mA 


V|N = Vss,3-State mode 


V,H 


Input High Voltage 


Clock Lines 


4.0 


Vdd 


V 




V,L 


Input Low Voltage 


((D,WRITE) 


Vss 


0.8 


V 




•l 


Leakage Current 






1 


mA 


V,N = 6V 


V,H 


Input High Voltage 


Priority In and Control 


3.5 


Vdd 


V 




V,L 


Input Low Voltage 


Lines (PRI IN, ROMCO- 


Vss 


0.8 


V 




'l 


Leakage Current 


R0MC4) 




1 


mA 


V,N = 6V 


VoH 


Output High Voltage 


Priority Out (PRI OUT) 


3.9 


Vdd 


V 


Iqh = -IOOmA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = 100 mA 


VoH 


Output High Voltage 


Interrupt Request 






V 


Open Drain Output (1) 


Vol 


Output Low Voltage 


(INT REQ) 


Vss 


0.4 


V 


Iql = 1 mA 


•l 


Leakage Current 






1 


mA 


V,N = 6V 


VoH 


Output High Voltage 


Data Bus Drive 








External Pull-up 


Vol 


Output Low Voltage 


(DBDR) 


Vss 


0.4 


V 


Iql = 2 mA 


•l 


Leakage Current 






1 


mA 


V,N = 6V 


V,H 


Input High Voltage 


External Interrupt 


3.5 




V 




V,L 


Input Low Voltage 


(EXT INT) 




1^ 


V 




V,c 


Input Clamp Voltage 






15 


V 


liH = 185 mA 


«IH 


Input High Current 






10 


M 


V,N = Vdd 


'iL 


Input Low Voltage 






-225 


mA 


V|N = 2V 


l|L 


Input Low Current 




-150 


-500 


mA 


V,N = Vss 


VoH 


Output High Voltage 


I/O Port 


3.9 


Vdd 


V 


Iqh = -30mA 


VoH 


Output High Voltage 


(Standard Pull-Up) 


2.9 


Vdd 


V 


Iqh = - 100 ^^ 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 2mA 


V,H 


Input High Voltage 




2.9 


Vdd 


V 


Internal Pull-up to V^q (3) 


V,L 


Input Low Voltage 




Vss 


0.8 


V 




«IL 


Leakage Current, 
DC/PC 






-1.6 


mA 


V,N = 0.4V 


l|L . 


Leakage Current, 
DC/PUDM 






-2.0 


mA 


V|N = 0.4V 


»L 


Input Low Current 






-1.6 


mA 


V|nVss(4)(7) 



Notes: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 



Pull-up resistor to Vqd on CPU. 

Positive current Is defined as conventional current flowing into the pin referenced. 

Hysteresis input circuit provides additional 0.3 V noise immunity while internal/external pull-up provides TTL compatibility. 

Measured an K a high-level I/O port OUT port. 



Vss 



°V, Vn, 



±5V ± 5%, Vqg = +12V ±5%, Ta = 0°C to 70°C 



Output device off. 

- 2.0 mA for extended temperature range. 
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The supply currents are given in table 7. 
Table 7 Supply Currents 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


'dd 


Vdd Current 
Wqq Current 




30 
10 


70 
18 


mA 
mA 


F = 2 MHz, Outputs Unloaded 
f = 2 MHZ, Outputs Unloaded 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those in- 
dicated in this data sheet, is not implied. Exposure to the 
absolute maximum rating conditions for extended periods 
of time may affect device tel lability, and exposure to 
stresses greater than those listed may cause permanent 
damage to the device. 



^GG 



Vdd 

External Interrupt Input 
All Other Inputs and Outputs 
Storage Temperature 
Operating Temperature 



+ 15V, -0.3 V 
+ 17V, -0.3 V 
-600 mA, +225 mA 
+ 7V, -0.3 V 
-55X, +150*' C 
O^'C, 4-70''C 



Note 

All voltages are with respect to Vgg. 



Recommended Operating Ranges 










Part 
Number 


Supply Voltage (V^d) 
Min Typ 


Max 


Min 


Typ Max 


Vss 


F3861 


+ 4.75 V +5V 


+ 5.25 V 


+ 11.4V 


+ 12V + 12.6 V 


ov 



Ordering Information 



Part Number 


Package 


Temperature Range 


F3861 


Ceramic 


C 


F3861 DL 


Ceramic 


L 


F3861 DM 


Ceramic 


M 


*F3861 PC 


Plastic 


C 


F3861 PL 


Plastic 


L 


F3831 PM 


Plastic 


M 



C = Commerlclal Temperature Range 0** to + 70"C 
L = Limited Temperature Range -40'C to +85**C 
M = Military Temperature Range -55''Cto +125*0 
* Version A, B, 0, D, and E are stocked items. 
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Peripheral Input/Output 



Microprocessor Product 



Description 

The Fairchild F3871 Peripheral Input/Output (PIO) device 
provides two 8-bit I/O ports, external interrupt, and a pro- 
grammable timer. An 8-blt-wide bidirectional data bus trans- 
fers I/O data bytes between the F3870 Central Processing 
Unit (CPU) and the PIO. 

The PIO is used In systems that require the I/O capability 
and interrupt functions of the F3851 PSU, but do not need 
the read-only memory (ROM) storage of the PSU. The PIO Is 
pin-compatible with the PSU. 

The F3871 has the same improved timer and ready strobe 
output as the F3870 CPU; therefore, for software compatibil- 
ity with the F3870, the F3871 PIO should be used In the F8 
multichip configurations. 

The F3871 is manufactured using Isoplanar N-channel 
silicon-gate technology; therefore, power dissipation is very 
low (less than 200 mW). 



• 16 Bidirectionai, Individuaiiy Controlied i/0 Lines 
Organized as Two 8-Bit Ports 

• i/0 Strobe 

• Programmabie Timer— Preset, Start, Stop, and Read- 
Bacic Abiiity: Selectabie Timer Count Rates 

• Fuii interrupt Levei — Daisy-Ctiain Expandable, 
independent interrupt Address Vectors for Timer and 
External interrupt 

• Pulse Width IVIeasurement Capability 

• -1-5 V and -1-12 V Power Supplies 

• 2 IVIHz Operation 

• TTL and LSTTL Compatible 

• Low Power Dissipation, Typically Less Than 200 mW 



Connection Diagram 



TJOBi^ 


1 40 


JDB. 


I/O A7[^ 


2 


39 


JDB6 


Vgg[^ 


3 


38 


^1/0 Be 


vdd[; 


4 


37 Jl/OAe 


EXf INT [^ 


5 


36 


^IToAi 


pRiouf [; 


6 


35 


"J^VoWs 


WRITE ^ 


7 


34 


^DBs 


^L 


8 


33 


ijDB. 


1ntreq[j^ 


9 


32 


^Voba 


prIin [jjj 


10 


31 


^iToaI 


DBDR ^ 


11 


30 


^iTOA^ 


STROBE [^ 


12 


29 


;j|i7oB^ 


R0MC4 [^ 


13 


28 


^DB3 


R0MC3 ^ 


14 


27 


^DB2 


R0MC2 [; 


15 


26 


Ji70B"2 


ROMCi ^ 


16 


25 


^ITOAi 


ROMCo [^ 


17 


24 


1^'W0T^ 


VssC 


18 


23 


^TTobT 


JJoTol^ 


19 


22 


Job, 


175 B^[^ 


20 


21 


JDBO 
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Signal Functions 



F3871 



I/O y 

PORTS N 



-•-► 


ITO Ao 


DBo 


-•-► 


176 Ai 


DBi 


-•-► 


\io A2 


DB2 


-•-*► 


I/O A3 


DB3 


-•-► 


wo A4 


DB4 


-•-► 


I/O As 


DB5 


-«-► 


176 Ae 


DBe 


.<-► 


176 A7 


DB7 


^•-*^ 


iTo Bo 


OBDR 


^ » 


176 Bi 




-*-•► 


176 B2 


ROMCo 


^ » 


i76 §3 


ROMC1 


-•-► 


176 B4 


ROMC2 


4 „ 


176 B5 


ROMC3 


-*-► 


i76 Be 


ROMC4 


"•-* 


i76 B7 


EXT INT 

iNTRlQ 

PR] In 


"* — 


STROBE 


-_ 


VdD 


prioUt 


— ► 


Vcc 


(D 


^^ 


Vss 


WRITE 



DATA 
BUS 



Figure 1 F3871 Blocit Diagram 
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Table 1 F3871 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 

WRITE 


8 
7 


Clock 


The two clock input signals that originate at the 
F3850 CPU. 


I/O Ports 

I/O Ao-l/0 A7 

I/O Bo-l/0 B7 


19, 24, 25, 
30,31,36, 
37,2 

20, 23, 26, 
29,31,35, 
38,1 


I/O Ports A 
I/O Ports B 


Bidirectional ports through which the PIO 
communicates with logic external to the 
microprocessor system. 


Control 

ROMC0-ROMC4 


17, 16, 15, 
14,13 


Read-only 
Memory Control 


Input signals that originate at the F3850 CPU 
control Internal functions of the PIO. 


Data Bus 

DB0-DB7 

DBDR 


21, 22, 27, 
28, 33, 34, 
39,40 

11 


Data Bus 
Data Bus Drive 


Bidirectional 3-state lines that link the PIO to all 
other devices within the microprocessor system. 

A low output, open drain signal that indicates the 
data bus currently contains data flowing from the 
PIO. 


Strobe 

STROBE 


12 


Strobe 


Provides a single low output pulse after valid data 
is present on I/O Aq-I/O A7 during an output 
instruction. 


Inten-upt 

EXT INT 


5 
9 

10 
6 


External Interrupt 
Interrupt Request 

Priority In 
Priority Out 


A high-to-low transition on this Input signal is 
interpreted as an Interrupt request from an 
external device. 


INT REQ 


This output signal is the INT REQ Input to the 
F3850 CPU; it must be output low to interrupt the 
CPU, which occurs only if PRI IN is low and PIO 
interrupt control logic is requesting an interrupt. 


PRIIN 


Unless this input signal Is low, the PIO will not set 
the INT REQ signal low in response to an 
interrupt. 


PRIOUT 


This output signal becomes the PRI IN signal to 
the next device in the interrupt-priorlty daisy 
chain; it is output high unless the PRI IN signal is 
entering the PIO low and the PIO Is not requesting 
an interrupt. 


Power 

Vdd 
Vgg 
Vss 


4 
3 
18 


Power Supply 
Power Supply 
Ground 


4-5V(±5%) 

-1-12 V (±5%) 

System ground— V; Vqd and Vqg are referenced 
to Vss. 
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Device Organization 

The peripheral input/output device includes I/O logic, timer 
logic, interrupt logic, data bus logic, and control logic, as 
illustrated in figure 1. 

The interrupt logic responds to an interrupt request signal 
originating from internal timer logic or an external device. 
Based on priority considerations, the interrupt request is 
passed on to the F3850 CPU. 

The programmable timer uses a polynomial shift register in 
conjunction with interrupt logic to generate real-time 
intervals. 

The 8-bit data bus in the PIO is the main path for transfer of 
information between the F3850 CPU and other devices in 
the F8 microprocessor system. The device has four pre- 
assigned I/O port addresses: the lowest two are assigned to 
the two I/O ports, A and B, and are used to transfer data to 
and from external devices. The other two I/O addresses are 
assigned to two internal registers of the PIO that control 
interrupt logic and are treated as I/O ports. 

Signai Descriptions 

The F3871 input and output signals are described in table 1. 

System Ciocic Timing 

All timing within the PIO is controlled by the + and WRITE 
signals Input from the F3850 CPU. (Refer to the F3850data 
sheet for a description of these clock signals.) The WRITE 
clocl< refreshes and updates PIO registers, which are 
dynamic. The + clock drives sequencing logic to precharge 
interrupt logic. The + clock also drives the prograrrimabie 
timer. 

I/O Ports 

The PIO has two bidirectional 8-bit I/O ports used to trans- 
mit data between it and external devices. In binary notation, 
the address for port A is XXXXXXOO and for port B is XXXX- 
XX01, where the X binary digits are the unique i/0 port 
select code for the PIO (see table 2). For example, if the port 
select code is 000001, port A can be called port 4 and port B 
can be called port 5. (The PIO port select code is never 
designated as all "0"s, since ports and 1 are reserved for 
the F3850 CPU.) In addition, the interrupt control port (ICP) 
is addressed as port XXXXXX10 and the binary timer is 
addressed as port XXXXXX11, which become ports 6 and 7, 
respectively, for the port select code example just given. 



Table 2 F3871 PIO Port Addresses 



Address 


Assigned To 


XXXXXXOO 
XXXXXX01 
XXXXXX10 
XXXXXX11 


I/O Port A 

I/O Port B 

Interrupt Control Register 

Programmable Timer 



The port and interrupt address vector assignments for the 
F3871 are given in table 3. 

Table 3 F3871 Port and Address Assignments (HEX) 





Port 
Addrossos 


Port 
Output Type 


Interrupt 
Address Vector 


Version 


Timer 


External 


3871 E 
3871 F 
3871G 
3871 H 


4-7 
4-7 
4-7 
8-B 


Standard 
Direct Drive 
Open Drain 
Standard 


0020 
0020 
0020 
4420 


OOAO 
OOAO 
OOAO 
44A0 



Port Pin Description 

An output instruction (OUT or OUTS) causes the contents of 
the CPU accumulator (ACC) to be latched Into the address- 
ed port. An input instruction (IN or INS) transfers the con- 
tents of the port to the ACC (port 6 is an exception that is 
described in the "Timer and Interrupt Control Port" section). 
The I/O pins on the PIO are logically inverted; the schematic 
of an I/O pin and available output drive options are shown 
in figure 2. Each output pin has an output latch that holds 
the data last output to that pin. The I/O ports of the PIO are 
configured in the standard pull-up option. 



The STROBE output is always configured in a manner simi- 
lar to a standard output, except that it is capable of driving 
three TTL loads. 



Each I/O port pin is a wire-AND structure between an inter- 
nal output data latch and the external signal. The latch is 
loaded from the data bus. The output latches are not initial- 
ized by the system reset sequence. 

When transmitting data through an I/O port, the pin can be 
connected directly to a TTL gate input; data is input to the 
pin from a TTL device output. Since the I/O pin and the TTL 
device output are wire-ANDed, it is possible for the state of 
one to affect the transfer of data out from the I/O pin or in 
from the TTL device output. In most cases, I/O port bits 
should, therefore, be set for a high level (logic 0), before 
data input, to prevent incoming logic "0"s from being 
masked by logic "1"s present at the port from previous 
outputs. However, the ability to mask bits of a port to logic 
1 is useful during some input functions. 
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Rgure 2 F3871 I/O Pin Diagram witii Output Buffer Options 
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Figure 3 F3871 Timer and Interrupt Control Port Block 
Diagram 
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Strobe 

An output ready strobe is associated with port A. This flag 
is used to signal a peripheral device that the F3871 has just 
completed an output of new data to port A. Since the strobe 
provides a single low pulse shortly after the output opera- 
tion is connplet ed, either edge can be used to signal the 
peripheral. The STROBE signal is also used as an input 
strobe by performing a dummy output of H'OO'to port A 
after completing the input operation. 

Timer and Interrupt Control Port 

The timer is software-programmable to operate in one of 
three modes: the interval timer mode, the pulse width 
measurement mode, and the event counter mode. As shown 
in figure 3, an 8-bit register (interrupt control port), a pro- 
grammable prescaler, and an 8-bit modulo-N register are 
associated with the timer. 

The desired timer mode, prescale value, timer start and 
stop, active level of the external interrupt pin, and local 
interrupt enable or disable are selected by the proper bit 
configuration output from the accumulator to the interrupt 
control port (port XXXXXX10), with an OUT or OUTS 
instruction. 

Interrupt Control Port 

A special situation exists when reading the ICP with an IN or 
INS instruction. The accumulator is not loaded with the con- 
tents of the ICP; instead, accumulator bits through 6 are 
loaded with "0"s, while bit 7 is loaded with the logic level be- 
ing applied to the EXT INT pin, thus determining the status 
of the EXT INT signal without servicing an external interrupt 
request. This capability is useful in two ways: establishing a 
high-speed polled handshake procedure and using the EXT 
INT pin as an extra input pin if external interrupts are not 
required and if the timer is used only in the interval timer 
mode. However, if it is desirable to read the contents of the 
ICP, one of the 64 scratchpad registers is used to save a 
copy of material written to the ICP. 

The timer clock rate in the interval timer mode is determined 
by the frequency of the <^ clock and by the division value 
selected for the prescaler. If ICP bit 5 is set and bits 6 and 7 
are cleared, the prescaler divides <|> by two. If bit 6 or 7 is 
individually set, the prescaler divides + by five or twenty, 
respectively. Combinations of bits 5, 6^ and 7 can also be 
selected. For example, if bits 5 and 7 are set while 6 Is 
cleared, the prescaler divides by 40. Thus, possible prescaler 
values are -!-2, ^5, ^10, -5-20, -;-40, -i-100, and -^-200. 

Any of three conditions causes the prescaler to reset: 

1 . When the timer is stopped by clearing ICP bit 3. 

2. When an output instruction to the timer (port XXXXXX11) 
is executed. 



3. On the trailing edge transition of the EXT INT pin, 
when in the pulse width measurement mode. 

An OUT or OUTS instruction to the timer loads the contents 
of the accumulator (the interval value) to both the timer and 
the 8-bit modulo-N register, resets the prescaler, and clears 
any previously stored timer interrupt request. The timer is 
clocked by the prescaler in the interval timer mode and In 
the pulse width modulator mode; the prescaler is not used in 
the event counter mode. The modulo-N register is a buffer 
that saves the value most recently output to port XXXXXX11 
and is used in all three timer modes. 

Interval Timer Mode 

When ICP bit 4 is cleared (logic 0) and at least one prescale 
bit is set, the timer operates in the interval timer mode. 
When bit 3 of the ICP is set, the timer starts counting down 
from the modulo-N value. After counting down to H'01', the 
timer returns to the modulo-N value at the next count. On 
the transition from H'OVto H'N', the timer sets a timer inter- 
rupt request latch. Note that the interrupt request latch is 
set by the transition of H'N' in the timer, thus allowing a full 
256 counts If the modulo-N register Is preset to H'OO'. 



If bit 1 of the ICP is set and the PRI IN signal is low, the 
interrupt request is passed to the F3850 CPU. However, If bit 
1 of the ICP is a logic 0, the interrupt request is not passed 
on to the CPU. If bit 1 is subsequently set, the Interrupt 
request is then passed to the CPU. Only two events reset the 
timer interrupt request latch: 

1 . Acknowledgement by the CPU of the timer interrupt 
request. 

2. Performance of a new load operation of the modulo-N 
register. 

(The interrupt priority sequence Is discussed in the 
"Interrupt Sequence" section.) 

For example, if the modulo-N register is loaded with H'64' 
(decimal 100), the timer interrupt request latch is set at the 
100th count following the timer start, and the timer interrupt 
request latch is repeatedly set on precise 100-count inter- 
vals. If the prescaler is set at -^ 40, the timer Interrupt 
request latch is set every 4000 + clock periods. For a 2 MHz 4 
clock, this setting produces 2 ms Intervals. 

The range of possible intervals is from 2 to 51,200 + clock 
periods (1 ^s to 25.6 ms for a 2 MHz f clock). However, 
approximately 50 + clock periods Is a practical minimum, 
because the time between setting the Interrupt request latch 
and the execution of the first instruction of the interrupt 
service routine is at least 29 + clock periods (the response 
time is dependent on how many privileged instructions are 
encountered when the request occurs). To establish time 
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intervals greater than 51,200 ^ clock periods, use the timer 
interrupt service routine to count the number of interrupts, 
saving the result in one or more of the scratchpad registers 
until the desired interval is achieved. With this technique, 
virtually any time interval, or several time intervals, can 
be generated. 

The F3871 timer can be read at any time and in any mode, 
using an input instruction (IN or INS), and can take place 
"on-the-fly" without Interfering with normal timer operation. 
The timer can be stopped at any time by clearing bit 3 of the 
ICP. The timer holds its current contents indefinitely and 
resumes counting when bit 3 is set again. The prescaler is 
reset whenever the timer is stopped; thus, a series of start- 
ing and stopping results in a cumulative truncation error. 

For a free-running timer in the interval timer mode, the time 
interval between any two interrupt requests can be In error 
by plus or minus six + clock periods, although the cumula- 
tive error over many intervals is zero. The prescaler and timer 
generate precise intervals for setting the timer interrupt 
request latch, but the time-out can occur at anytime within 
a machine cycle. (There are two types of machine cycles: 
short cycles that consist of four ^ clock periods and long 
cycles that consist of six <^ clock periods.) The write clock 
corresponds to a machine cycle. Interrupt requests are syn- 
chronized with the write clock, thus creating the possible 
plus or minus six + error. Additional errors can arise if the 
interrupt request occurs while a privileged instruction or 
multicycle instruction Is being executed. However, for most 
applications, all of the above errors are negligible, especially 
If the desired time interval is greater than one ms. Other 
timer errors are summarized in the "Timing Characteristics" 
section. 

Pulse Width Measurement Mode 

When ICP bit 4 is set (logic 1) and at least one prescale bit 
is set, the timer operates in the pulse width measurement 
mode. This mode is used to accurately measure a pulse 
duration applied to the EXT INT pin. The timer Is stopped 
and the prescaler is reset whenever the EXT INT pin Is at its 
Inactive level. The active level of the EXT INT pin is defined 
by ICP bit 2: if cleared, the EXT INT pin is active low; if set, 
the EXT INT pin is active high. If ICP bit 3 is set, the pre- 
scaler and timer start counting when the EXT INT signal 
goes through a transition to the active level. 

When the EXT INT pin returns to the inactive levels the timer 
stops, the prescaler resets, and, if ICP bit is set, an exter- 
nal Interrupt request latch is set. (Unlike timer interrupts, 
external Interrupts are not latched If the ICP Interrupt 
enable Is not set.) 



As In the interval timer mode, the timer can be read at any 
time and can be stopped at any time by clearing ICP bit 3, 
the prescaler, and ICP bit 1 functions as previously des- 
cribed. The timer still functions as an 8-bit binary down 
counter with the timer interrupt request latch set on the 
timer's transition from H2'0rto H'N'. Note that the EXT INT 
pin is not involved with loading the timer; its action Is that 
of automatically starting and stopping the timer and of gen- 
erating external Interrupts. Pulse widths longer than the pre- 
scale value times the modulo-N value are easily measured 
by using the timer interrupt service routine to store the num- 
ber of timer interrupts In one or more scatchpad registers. 

The actual pulse duration is typically slightly longer than 
the measured value, because the status of the prescaler is 
not readable and is reset when the timer is stopped. Thus, 
for maximum accuracy, using a small division setting for 
the prescaler is advisable. 

Event Counter Mode 

When ICP bit 4 is cleared and all prescale bits (ICP bits 5, 6, 
and 7) are cleared, the timer operates In the event counter 
mode. This mode Is used for counting pulses applied to the 
EXT INT pin. If ICP bit 3 is set, the timer decrements on 
each transition from the inactive level to the active level of 
the EXT INT pin. The prescaler is not used in this mode. As 
in the other two timer modes, the timer can be read at any 
time and can be stopped at any time by clearing ICP bit 3. 
ICP bit 1 functions as previously described, and the timer 
interrupt request latch Is set on the timer's transition from 
H'OrtoH'N'. 

Normally, ICP bit is kept cleared in the event counter 
mode; otherwise, external interrupts are generated on the 
transition from the inactive level to the active level of the 
EXT INT pin. 

For the event counter mode, the minimum pulse width 
required on EXT INT is two + clock periods, and the mini- 
mum Inactive time is two + clock periods; the maximum 
repetition rate Is 500 Hz. 

External Inten-upts 

When the timer Is in the interval timer mode, the EXT INT 
pin Is available for non-timer-related interrupts. If ICP bit Is 
set, an external Interrupt request latch is set when there is a 
transition from the inactive level to the active level of the 
EXT INT pin. (The EXT INT pin Is an edge-triggered Input.) 
The interrupt request Is latched either until acknowledged 
by the CPU or until ICP bit Is cleared (unlike timer Inter- 
rupt requests that remain latched even when ICP bit 1 is 
cleared). 
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External interrupts are handled in the same manner when 
the timer is in the pulse width measurement mode or In the 
event counter mode, except that In the pulse width mea- 
surement mode only, the external interrupt request latch Is 
set on the trailing edge of the EXT INT signal (i.e., on the 
transition from the active level to the inactive level). 

Instruction Execution 

The PIO responds to signals that are output by the F3850 
CPU in the course of implementing instruction cycles. The 
PIO places data on the data bus, even in the worse case, in 
time for the setup required by any F3850 CPU destination. 
The PIO receives a byte input from the data bus when com- 
manded by an output instruction to load one of its two I/O 
ports or Internal registers. 



The data bus drive signal (DBDR) is low whil e data output 
by the PIO is stable on the data bus. Thus, a DBDR low sig- 
nal indicates that the data bus currently contains data flow- 
ing from a PIO. For systems with mo re than one program 
storage unit (PSU) or PIO, the DBDR output signal can be 
wire-ORed and the re sult used as a bus data flow direction 
Indicator. The DBDR signal can remain low until timing 
interval t ds of th e next instruction cycle following the one 
in which DBDR was set low. 

The PIO device executes the OUT instruction in the same 
manner as it does the OUTS instruction; the same is true 
for the IN and INS instructions. The difference between the 
long- and short-form instructions is found only in the source 
of the I/O address. 

The F8 input/output instructions place the I/O port address 
on the data bus during one instruction cycle and then use 
the data bus in the following instruction cycle to do the 
actual I/O data movement. The Read-On ly Memory Control 
(ROMC) lines coming from the F3850 CPU signal the PIO 
that an I/O data movement is occurring during the current 
instruction cycle. Therefore, the PIO needs to recognize 
whether the contents of the data bus during the instruction 
cycles just prior matches any of its four assigned I/O 
addresses wherever the ROMC lines indicate an I/O trans- 
fer. The address select logic constantly monitors the data 
bus for a match to any of the four addresses and holds the 
information of a match through the following cycle. 

Input instructions that select a port cause the contents of 
the selected port to be placed on the data bus during the 



input cycle. Only the two I/O ports (lowest two addresses) 
respond to input instructions. Output instructions that 
select a port transfer the contents of the data bus to that 
port. Outputs of the latches change at the end of the I/O 
transfer cycle. 

Interrupt Handling 

A typical F8 system interrupt interconnection is shown i n 
figure 4. Each PSU and PIO has a PRI IN and a PRI OUT line 
so that they can be daisy-chained together in any order to 
form a priority level of interrupts. When a PI O receives an 
Interrupt (either timer or external), it pulls its PRI OUT output 
signal high, signaling all lower priority peripherals that it 
has a higher priority int errupt request pending on the CPU. 
When the PIO device's PRI IN input signal is pulled high by 
a higher priority peripheral, signaling the PIO that there is a 
still higher priority interrup t request pending, it passes that 
signal along by pulling its PRI OUT signal high. When the 
CPU processes an interrupt request, it commands the inter- 
rupting device to place its interru pt vect or address on the 
data bus. Only the device with a PRI IN signal low and an 
interrupt request pending responds. Should there be another 
lower priority device with a pendi ng req uest, it does not 
respond at that time because its PRI IN input signal is high. 

If there is both a timer interrupt request and an external 
interrupt request when the CPU starts to process the 
requests, the timer interrupt is handled first. 

Within each local interrupt control circuit is a 16-bit interrupt 
address vector. This vector is the address to which the pro- 
gram counter is set after an interrupt is acknowledged and 
is, therefore, the address of the first executable instruction 
of the interrupt routine. 

The interrupt address is unique to the version of the PIO 
device selected by the user. Fifteen bits are fixed: bits 
through 6 and bits 8 through 15. Bit 7 (27) is dependent 
on the type of interrupt. This bit is a for internal timer- 
generated interrupts and a 1 for external interrupts. 

When the interrupt logic sends an interrupt request signal 
and the CPU is enabled to service it, the normal state se- 
quence of the CPU is interrupted at the end of an instruc- 
tion. The CPU signals the interrupt circuits through the five 
ROMC lines. The requesting local interrupt circuit sends a 
16-bit interrupt address vector (from the interrupt address 
generator) onto the data bus in two consecutive bytes. 
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The address is made available to the program counter 
through the address demultiplexer circuits. It is simultane- 
ously made available to all other devices connected to the 
data bus. It is the address of the next Instruction to be exe- 
cuted. The program counter of each memory device is set 
with this new address while the stack register is loaded 
with the previous contents of the program counter. The 
information in the program counter is lost. Thus, the next 
instruction to be executed is determined by the value of 
the interrupt address vector. 

The interrupt control bit (ICB) of the CPU (loaded in the W 
register) allows interrupts to be recognized. Clearing the ICB 
prevents acknowledgement of interrupts. The ICB Is cleared 
during power-on and external reset, and after an interrupt is 
acknowledged. The interrupt status of the PSU, PIG, or 
memory interface (Ml) devices is not affected by execution 
of the disable interrupt (Dl) Instruction. At the conclusion of 
most instructions, the fetch logic checks the state of the 
interrupt request line. If there is an interrupt, the next 
Instruction fetch cycle Is suspended and the system is 
forced into an interrupt sequence. 



The CPU allows interrupts after all F8 Instructions except 
the following: 



(PK) 


PUSHK 


(PI) 


PUSH IMMEDIATE 


(POP) 


POP 


(JMP) 


JUMP 


(OUTS) 


OUTPUT SHORT 




(Excluding OUTS 00 and 01) 


(OUT) 


OUTPUT 


(El) 


SET ICB 


(LR W, J) 


LOAD THE STATUS REGISTER 




FROM SCRATCHPAD 


POWER ON 





As a result. It is possible to perform one more instruction 
after each of the above CPU instructions without being 
interrupted. 



Figure 4 F8 System Interrupt Interconnection 




EXTERNAL INTERRUPT LINES - 



3-117 



F3871 



Interrupt Sequence 

Figure 5 details the interrupt sequence that occurs whether 
the interrupt request is from an external source through the 
EXT INT pin or from the PIO device's internal timer. The 
events in the sequence are labeled A through G. 

Event A 

An interrupt reques t must sa tisfy a set-up time requirement. 
If not satisfied, the INT REQ signal delays going low until 
the next negative edge of the write clock. 

Event B 

Event B represents the instruction being executed when the 
interrupt occurs. The last cycle of B is normally the instruc- 
tion fetch for the next cycle. However, if B is not a privileged 
instruction and the CPU interrupt control bit is set, the last 
cycle becomes a freeze cycle rather than a fetch. At the end 
of the freeze cycle, the interrupt request latches are inhib- 
ited from altering the interrupt daisy chain so that sufficient 
time is allowed for the daisy chain to settle. 

If B is a privileged instruction, the instruction fetch is not 
replaced by a freeze cycle; instead, the fetch is performed 
and the next instruction is executed. Although unlil^ely to be 



encountered, a series of priviledged instructions would be 
executed sequentially. One more instruction (a protected 
instruction) Is executed after the last priviledged instruction. 
The last cycle of the protected instruction then performs 
the freeze. 

The dashed lines on the EXT INT timing in figure 5, illustrate 
the last opportunity for the EXT INT signal to cause the last 
cycle of a nonprotected instruction to become a freeze 
cycle. The freeze cycle is a short cycle (four <t> clock periods) 
in all cases except where B is the decrement scratchpad 
instruction, in which case the freeze cycle is a long cycle 
(six <t> clock periods). 



The INT REQ sign al goes low on the next negative edge of 
WRITE if both the PRI IN signal is low and the appropriate 
Interrupt enable bit of the ICP is set. 

Event C 

Thi s is a no-operatio n (NO-OP) long cycle, allowing time for 
the PRI IN/PRI OUT chain to settle. At a 2MHz ^ clock rate, a 
total of seven PIO, PSU, or Ml devices can be daisy-chained 
without the need for look-ahead logic. 



Figure 5 F3871 Interrupt Sequence 



EXT INT OR 

TIMER INTERRUPT . 



h-l 



FREEZE 
CYCLE 



ru_rud~i 



-iH 



1_ 



PRI OUT OF NEXT PIO 
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Event D 

In PSU circuits, the program counter (PO) is pushed to the 
stack register (P) to save the return address. The interrupting 
PIO places the lower eight bits of the interrupt vector 
address onto the data bus. This is always a long cycle. 

Event E 

In this long cycle, the PIO places the upper eight bits of the 
interrupt vector address onto the data bus. 

Event F 

In this short cycle, the PIO Interrupting interrupt request 
latch Is cleared. Also, the CPU interrupt control bit is 
cleared, thus disabling interrupts until an EXT INT Instruc- 
tion Is perfo rmed. Additionally, during Event F, the PRI 
IN/PRI OUT daisy-chain freeze is removed, since the inter- 
rupt vector address has been passed to the CPU. Another 
action is the fetch of the instruction from the interrupt 
address. 

Event G 

This event starts executing the first instruction of the 
interrupt service routine. 



Summary of Interrupt Sequence 

For the PIO, the interrupt response time is defined as the 
time elapsed between the occurrence of the EXT INT signal 
going active (or the timer transition to H'NO and the begin- 
ning of execution of the first instruction of the Interrupt 
service routine. The interrupt response time Is a variable 
dependent on what the microprocessor is doing when the 
interrupt request occurs. 

As shown In figure 5, the minimum Interrupt response time 
is three long cycles plus two short cycles plus one WRITE 
clock pulse width plus a setup time of an EXT INT signal 
before the leading edge of the WRITE pulse — a total of 27 4 
clock periods plus the setup time. At 2 MHz, this is 14.25 ^as. 
Although the maximum could theoretically be Infinite, a 
practical nrraximum is 35 jas (based on the Interrupt request 
occurring near the beginning of a PI and LR K, P sequence). 

ROMC States 

Table 4 shows the function performed by the PIO device for 
each ROMC command. Each function Is performed entirely 
within one machine cycle (one cycle of the write clock). All 
other ROMC states are decoded as NO-OP. 




Table 4 PIO Functions Versus ROMC States 



ROMC State 




Binary 


Hex 


PIO Functions 


01000 


08 


Reset command. Load port A, port B, timer, and Interrupt control port with H'OO'. 


01111 


OF 


If this circuit is Interrupting and is highest in the priority chain, move lower half of 
interrupt vector Into the data bus. 


10000 


10 


Place interrupt circuitry in an inhibit state that prevents altering the interrupt priority 
chain. 


10011 


13 


If this circuit is interrupting and Is highest in the priority chain, move upper half of 
Interrupt vector Into the data bus and reset the interrupt circuit. 


11010 


1A 


If the contents of the data bus in the prior cycle was an address of I/O ports on this 
device, move the current contents of the data bus into the appropriate port (I/O A, I/O B, 
timer, or control). 


11011 


IB 


If the contents of the data bus In the prior cycle was an address of I/O ports on this 
device, move the contents of the appropriate I/O port onto the data bus (I/O A or I/O B). 
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Timing Cliaracteristics 

Timing signals are illustrated In figures 6 through 10, and 
the signal characteristics are presented In tables 5 through 
9. Definitions for the timing characteristics are as follows: 

Error = Indicated Time Value — Actual Time Value 
tpsc =t^ X Prescale Value 

Interval Timer Mode 

Single Interval error, free running (Note 3) ±6t+ 

Cumulative interval error, free running (Note 3) 

Error between two timer reads (Note 2) ±(tpsc + H) 

Start timer to stop timer error 

(Notes 1,4) +t^>to -(tpsc + t<t») 

Start timer to read timer error 

(Notes 1,2) -5t+to -(tpsc+7t+) 

Start timer to Interrupt request error 

(Notes 1, 3) -2 t+to -8t<|> 

Load timer to stop timer error (Note 1) +t+to -(tpsc+2t<|>) 



Load timer to read timer error 

(Notes 1,2) -5t+to -(tpsc+18t<|>) 

Load timer to Interrupt request error 

(Notes 1,3) -2t4to -9t<(> 

Pulse Width Measurement Mode 

Measurement accuracy (Note 4) +t+to -(tpsc+2t+) 

Minimum pulse width of EXT INT pin 2t+ 

Event Counter Mode 

Minimum active time of the EXT INT pin 2t4 

Minimum inactive time of the EXT INT pin 2t+ 

NOTES 

1 . All times that entail loading, starting, or stopping the tinner are referenced 
from the end of the last machine cycle of the OUT or OUTS instruction. 

2. All times that entail re>ading the timer are referenced from the end of the 
last machine cycle of the IN or INS instruction. 

3. All times that entail the generation of an interrupt request are referenced 
from the start of the machine cycle in which the appropriate interrupt 
request latch is set. Additional time elapses if the interrupt request occurs 
during a privileged or multicycle instruction. 

4. Error can be cumulative if operation is repetitively performed. 



Figure 6 F3871 Cioclc Timing 



CLOCK TIMING 




TIMING 

ALL TIMING SPECIFIED AT Vgs = V, Vdd = + 5 V ± 5%, Vqg = + 12 V ± 5% 



3-120 



F3871 



Figure 7 F3871 Strobe Timing 



- OUT OR OUTS INSTRUCTION 
LONG / \ LONG 
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I/O PORT OUTPUT 



STROBE (PORT A ONLY) 



'h 



X 



/■ 



Figure 8 F3871 Input Timing 
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Figure 9 F3871 Output Timing 
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Figure 10 F3871 interrupt Timing 
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Table 5 F3871 Clock Timing Characteristics 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Conditions 


P+ 


Clock Period 


0.5 




10 


MS 




Po 


Low time 


180 






ns 




Pi 


Higlitime 


180 






ns 




PW 


WRITE Clock Period 




4P+ 






Short cycle 


PWo 


WRITE Clock Period 




6Pf 






Long cycle 


PWi 


WRITE Pulse Width 


P(t»-100 




P+ 






tdwl 


(^ -to WRITE + delay 






250 


ns 




tdwO 


+ - to WRITE - delay 






225 


ns 






Table 6 F3871 Strobe Timing Characteristics 



Symbol 


Parameter 


Min. 


Max. 


Units 


Comments 






3t<t>-1000 


3t++250 


ns 




t|/0-S 


Port Output to STROBE delay 


Notel 






8t+-250 


12t<t>+250 


ns 




tsL 


STROBE Pulse Width, Low 




tw-l/0 


WRITE to I/O Port Output Valid 




1000 


ns 


Note 2 



NOTES 

1. Load is 50 pF plus 3 standard TTL inputs. 

2. Load is 50 pF plus 1 standard TTL input. 



Table 7 F3871 Input Timing Characteristics 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Conditions 


tsR2 


ROMC Valid Measured from Fall of WRITE 






550 


ns 




tHR1 


ROMC Required Hold After Fall of WRITE 


20 






ns 




tSD4 


Data Bus Setup Time 








ns 




tHD3 


Data Input Hold Time 


20 






ns 




tsi/02 


I/O Input Setup Time 


1.3 






ns 




t HI/02 


I/O Input Hold Time 


20 






ns 
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Table 8 


F3871 Output Timing Characteristics 












Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Conditions 


tfDR1 


WRITE to DBDR Floating 






400 


ns 




tdDR1 


<^toDBDR1-0 




200 


625 


ns 


Cl = 100 pF;Rl = 12.5 kQ 


tclDR2 


WRITE to DBDR 1-0 






2P+ + 
625- 

tdwO 


ns 
ns 


Cl = 100 pF;Rl = 12.5 kQ 
Cl = 100pF 


tdD3 


WRITE to Data Valid 


2P+- 
tdWO 


2P+- 
400 


2P+ + 
700- 
tdwO 


ns 


Gl = 100pF 


t0HD2 


Guaranteed Data Hold Time After 
Fall of WRITE 


30 






ns 






Table 9 


F3871 Interrupt Timing Characteristics 












Symbol 


Parameter 


Min. 


Typ. 


Max. 


Units 


Conditions 


tsEM 


EXT INT Setup Time 


750 






ns 




^HEI 


EXT INT Hold Time 


30 






ns 




tdlR2 


WRITE to INT REQ Delay 






430 


ns 


Cl = 100pF 


*P01 


WRITE to PRI OUT Delay 






640 


ns 


Cl = 50pF 


tdP02 


PRI IN to PRI OUT Delay 






350 


ns 


Cl = 50pF 


tf|R1 


WRITE to INT REQ Float by PIO 






640 


ns 


Open Drain Output 





DC Characteristics 

The DC characteristics of the F3871 PIO are supplied in table 10. 

Table 10 F3871 DC Characteristics 



Symbol 


Parameter 


Signal 


Min. 


Max. 


Units 


Test Conditions 


V,H 


Input High Voltage 


Data Bus (DBq -DB7) 


2.0 


Vdd 


V 




V,L 


Input Low Voltage 




Vss 


0.8 


V 




Vqh 


Output High Voltage 




3.9 


Vdd 


V 


Ioh=-100mA 


VOH 


Output High Voltage 




2.4 




V 


loH =100mA,Vgg = 5V±5% 


Vol 


Output Low Voltage 






0.4 


V 


Iql = 1.6 mA 


l|H 


Input High Current 






1.0 


mA 


V|N = 6V,3-statemode 


Iql 


Input Low Current 






-1.0 


mA 


V|N = Vss, 3-state mode 


c, 


Input Capacitance 






10 


PF 


3-state mode 
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Table 10 F38n DC Characteristics 



Symtx>l 


Parameter 


Signal 


MIn. 


Max. 


Units 


Test Conditions 


V|H 


Input High Voltage 


Clock Lines (+, WRITE) 


2.0 


Vdd 


V 




V,L 


Input Low Voltage 




Vcc 


0.8 


V 




II 


Leakage Current 






±1.0 


mA 


V|N = Vssto-H6V 


c, 


Input Capacitance 






10 


PF 




V,H 


Input High Voltage 


Priority In and Control 


3.5 


Vdd 


V 




V,L 


Input Low Voltage 


Lines (PRI IN, ROMCq - 


Vcc 


0.8 


V 




II 


Leakage Current 


ROMC4) 




1.0 


mA 


V|N = Vss to +6V 


C| 


Input Capacitance 






10 


pF 




VOH 


Output High Voltage 


Priority out (PRI OUT) 


3.9 


Vdd 


V 


Ioh=-100mA 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL= -1.8 mA 


VoH 


Output High Voltage 


Interrupt Request 






V 


Open Drain Output^ 


Vol 


Output Low Voltage 


(INT REQ) 


Vss 


0.4 


V 


loL = 0.8 mA 


II 


Leakage Current 






1.0 


mA 


V,N =6V, Output Device Off 


c, 


Input Capacitance 






10 


pF 


Output Device Off 


VoH 


Output High Voltage 


Data Bus Drive (DBDR) 








External Pull-up 


Vol 


Output Low Voltage 




Vss 


0.4 


V 


loL = "l-8mA 


II 


Leakage Current 






1.0 


mA 


V,N = 6 V, Output Device Off 


c, 


Input Capacitance 






10 


pF 


Output Device Off 


V,H 


Input High Voltage 


External Interrupt 


2.0 




V 


External Pull-ups Exist 


V,L 


Input Low Voltage 


(EXT INT) 




0.8 


V 


Internal 


i|H 


Input High Current 






-1.6 


mA 


V,N = 0.4V 


l|L 


Input Low Current 




100 




mA 


V,N =2.4V 


c, 


Input Capacitance 






10 


pF 




VoH 


Output High Voltage 


Strobe (STROBE) 


2.4 


Vdd 


V 


Ioh=-300mA 


Vql 


Output Low Voltage 




Vss 


0.4 


V 


Iql = 5.0 m A 


VoH 


Output High Voltage 


I/O Port Option A 


2.4 


Vdd 


V 


Ioh=-100mA 


Vol 


Output Low Voltage 


(Standard Pull-up) 


Vss 


0.4 


V 


Iql = 1 •8 mA 


V,H 


Input High Voltage 




2.0 


Vdd 


V 


Internal Pull-up to Vdd 


V,L 


Input Low Voltage 




Vss 


0.8 


V 




l|L 


Input Low Current 






1.0 


mA 


V,N = 0.4V2 


c, 


Input Capacitance 






10 


pF 




VoH 


Output High Voltage 


I/O Port Option B 








External Pull-up 


Vol 


Output Low Voltage 


(Open Drain) 


Vss 


0.4 


V 


Iql = 1.8mA 


V,H 


Input High Voltage 




2.0 


6.0 


V 




V|L 


Input Low Voltage 




Vss 


0.8 


V 




II 


Leakage Current 






1.0 


mA 


V|N = 6 V, Output Device Off 


c, 


Input Capacitance 






10 


pF 




VoH 


Output High Voltage 


I/O Port Option C 


1.5 


Vdd 


V 


loH= -1.5 mA 


Vol 


Output Low Voltage 


(Driver Pull-up) 


Vss 


0.4 


V 


loL = 1-8mA 


lOH 


Output High Current 




-1.5 


-9.0 ^ 


mA 


VoH=0.7Vto1.5V 




NOTES 

1. Pull-up resistor to Vpo on CPU. 

2. Measured with a high-level I/O port output. 

3. Positive current is defined as conventional current flowing into the pin referenced. 

4. Vss = V, VoD = +5 V ±5%, Vqq = -H2 V ±6%, Ta = O'C to -»-70'C unless otherwise noted. 
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The supply currents are given in table 11. 
Table 11 Supply Currents 



Symbol 


Parameter 


Min. 


TVp. 


Max. 


Units 


Conditions 


Idd 
•gg 


Vdd Current 
Vqg Current 




30 
10 


70 
18 


mA 
mA 


f = 2 MHz, Outputs Unloaded 
f = 2 MHz, Outputs Unloaded 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those indi- 
cated in this data sheet, is not implied. Exposure to the 
absolute nnaximum rating conditions for extended periods 
of time may affect device reliability, and exposure to 
stresses greater than those listed may cause permanent 
damage to the device. 



Vqg 

Vdd 

External Interrupt Input 

All Other Inputs and Outputs 

Storage Temperature 

Operating Temperature 



+ 15 V, -0.3 V 

+7V, -0.3 V 

-eOO^A, +225^A 

-I-7V, -0.3 V 

-55 ^'C, +150X 

O'^C, +70X 



Ordering information 



Part Number 


Package 


Temperature 
Range 


F3871DC 


Ceramic 


C 


F3871DL 


Ceramic 


L 


F3871DM 


Ceramic 


M 


*F3871PC 


Plastic 


c 


F3871PL 


Plastic 


L 


F3871PM 


Plastic 


M 



C = Commercial Temperature Range 0° to +70°C 
L = Limited Temperature Range -40°Cto h-SSX 
M = Military Temperature Range -55Xto +125°C 
*Versions E, F, G, and H are stocked items. 



NOTE: All voltages are with respect to Vgs- 



Recommended Operating Ranges 



The recommended operating ranges of the PIO devices are 
shown below. 



Symbol 


Parameter 


Min. 


Typ. 


IVIax. 


Vdd 


Supply 










Voltage 


+4.75 V 


+5V 


+5.25 V 


Vgg 




+11.4 V 


+12 V 


+12.6 V 


Vss 






OV 
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Section 4 
Controller Family 



F387X Family 

The Fairchild F387X family of devices represents a line of 
complete, 8-bit microcomputers on single MOS integrated 
circuits (see figure 4-1). Fabricated using Fairchild double- 
ion-implanted, N-channel silicon-gate technology and ad- 
vanced circuit design techniques, the F387X family offers 
maximum cost-effectiveness in a variety of logic 
replacement and control applications. 

Figure 4-1 F387X Famiiy Organization 



function (see figure 4-2), allowing semi-custom design of 
microcomputers for specific market applications. 



Figure 4-2 F38701 Functional Diagram 



F3870 SINGLE-CHIP MICROCOMPUTER 



F3870A/F3870B HIGHSPEED SINGLE-CHIP MICROCOMPUTER 



F38C70 SINGLE-CHIP MICROCOMPUTER 



F38E70 SINGLE-CHIP MICROCOMPUTER 



F3872/F38L72 SINGLE-CHIP MICROCOMPUTER 



All F387X family microcomputers execute the F8 instruc- 
tion set of more than 70 commands. They are available with 
a wide range of memory types and sizes, allowing the 
designer to select the best combination of RAM and ROM 
for a particular application. The F387X devices are also 
available with special types of I/O. 

The F387X family devices are ail pin-compatible, permitting 
easy system upgrading by replacement of one device in an 
application with another family member having greater 
quantities of RAM or ROM, special I/O functions, or all 
three. Because of this simple upgrading, an F387X-based 
microcomputer can be enhanced or expanded in many dif- 
ferent ways without affecting system printed circuit board, 
enclosure, or power supply requirements. 

The Fairchild F387X single-chip microcomputer family is 
recognized as an industry standard in logic replacement 
and control. The devices have been designed into, and suc- 
cessfully used in, a wide range of applications requiring 
intelligent control. 

F3870X Family 

The F3870X family Is a new generation of single-chip con- 
trollers that uses a modular approach to microcomputer 
design. This approach depends upon a core F387X-type 
CPU and modular I/O features designed as a single-chip 
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ADVANCED CONTROLLER 
APPLICATIONS 



The first single-chip microcomputer designed using the 
modular concept Is the F38701, in which a core CPU, RAM, 
ROM, analog interface unit, power control unit, and digital 
I/O module are all Integrated on the device. As the library of 
modules grows, the customer will be able to specify the 
types of modules needed in a particular microcomputer. 

A series of design modules, the F387XX series, is used to 
emulate the functions desired in a final single-chip device. 
The F387XX devices currently defined are: 

F38700 CPU 

F38752 Analog Interface Unit (AlU) 
F38753 Power Control Unit (PCU) 
F38754 Digital I/O Module (DIO) 
F38755 Serial I/O Module (SIO) 
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Controller Family 



Part Numbers 



Descriptions 



Because of the on-going growth of the F387X family, a new 
numbering system for these devices has been developed 
by Fairchild: 



F38 7X 



Following is data that describes the members of the F387X 
and F3870X single-chip microcomputer families. 

F3870X Emulation Devices 



Technology/Option - 



Omit 
C 
E 
L 



NMOS 

CMOS 

EPROM 

Low-power stand-by option 

(F3872 only) 



Speed Grade ^ 

Omit = Standard 

A = 1.33 us cycle time 

B = 1 us cycle time 



ROM size 

1 = 1024 bytes 

2 = 2048 bytes 

3 = 3072 bytes 

4 = 4032 or 4096 bytes 





F38700 
CENTRAL 
PROCESSING UNIT 
















F38752 
ANALOG 
INTERFACE UNIT 






F38753 

POWER CONTROL 

UNIT 




















F38754 

PERIPHERAL 

INPUT/OUTPUT 





Many users are familiar with the previous F387X device 
numbering system. To assist them, a cross-reference guide 
is provided in table 4-1. 

Table 4-1 F387X Number Cross-Reference Guide 



Old Number 


New Number 


F3870-1K 


F3870-1 


F3870 


F3870-2 


F3872-3K 


F3872-3 


F3872 


F3872-4 


F3872 with Power-Down Option 


F38L72-4 


F3876-1K 


F3872-1 


F3876 


F3872-2 


F3876 with Power-Down Option 


F38L72-1 


F3878-3K 


F3870-3 


F3878 


F3870-4 


F38E70 


F38E70-2 


F38C70 


F38C70.2 


F38701 
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F3870 

Single-Chip IVIicrocomputer 



Microprocessor Product 



Description 

The Fairchild single-chip microcomputer series offers a 
variety of circuits to serve the high-volume, cost-sensitive 
controller market. The F3870 is a complete 8-bit 
microcomputer on a single MOS integrated circuit. The 
F3870 can execute the F8 instruction set of more than 70 
commands, allowing expansion into multi-chip 
configurations with software compatibility. The device 
features 64 bytes of scratchpad RAM, a programmable 
binary timer, 32 bits of I/O, a single +5 V power supply 
requirement, and a choice of 1K, 2K, 3K, or 4K of ROM. 

Utilizing Fairchild's double-ion-implanted, N-channel 
silicon-gate technology and advanced circuit design 
techniques, the single-chip F3870 offers maximum cost 
effectiveness in a wide range of control and logic 
replacement applications. 

• Single-Chip Microcomputer 

• Software-Compatible with F8 Family 

• 1024-, 2048-, 3072-, or 4096-Byte Programmable ROM 

• 64-Byte Scratchpad RAM 

• 32-Bit (4-Port) TTL-Compatible I/O 

• Programmable Binary Timer: 

Interval Timer Mode 

Pulse Width Measurement Mode 

Event Counter Mode 

• External Interrupt 

• Crystal, LC, RC, or External Time Base 

• Low Power (275 mW, Typical) 

• Single -i-5V±10% Power Supply 

Signal Functions 

The functions of the F3870 inputs and outputs are 
described in Table 1. 
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Signal Functions 



DEVICE I 
CONTROL 1 




Device Organization 

This section describes tine basic functional elements of 
the F3870 shown in Figures 1 and 2. 

IVIain Control Logic 

The instruction register (IR) receives the operation code 
(op code) of the instruction to be executed fronn the 
program ROM via the data bus. During all op code 
fetches, eight bits are latched into the IR. Some 
instructions are completely specified by the upper four 
bits of the op code; in such instructions, the lower four 
bits are an immediate register address or an immediate 
4-bit operand. Once latched into the IR, the main control 
logic decodes the instruction and provides the necessary 
control gating signals to ail circuit elements. 

ROIVI Address Registers 

There are four 12-bit registers associated with the 
program ROM of the F3870. (In the F3870-1, -2, and -3, the 
12-blt registers can address more memory space than is 
physically available on the chip; user caution is advised. 
Older versions of the F3870-1 and -2, predating date code 
8213, may have 11 -bit registers; contact Fairchild if you 
have any questions.) These are the program counter (PO), 
the stack register (P), the data counter (DC), and the 
auxiliary data counter (DC1). The program counter is 
used to address instructions or immediate operands. The 
stack register is used to save the contents of PO during 
an interrupt or subroutine call. Thus, P contains the 
return address at which processingJs to resume upon 
completion of the subroutine or the Interrupt routine. 

The data counter is used to address data tables. This 
register is autoincrementing. Of the two data counters, 
only DC can access the ROM. However, the XDC 
instruction allows DC and DC1 to be exchanged. 

Associated with the F3870 address registers is a 12-bit 
adder/incrementer. This logic element is used to 
increment PO or DC when required and is also used to 
add displacements to PO on relative branches or to add 
the data bus contents to DC in the add data counter 
(ADC) instruction. 

Program ROIVI 

The microcomputer program and data constants are 
stored in the program ROM, which may be 1024x8 
(F3870-1), 2048 X 8 (F3870-2), 3072 x 8 (F3870-3), 
or 4096 X 8 (F3870-4) bytes. When a ROM access is 
required, the appropriate address register (PO or DC) is 
gated onto the ROM address bus and the ROM output is 
gated onto the main data bus. The first byte in the ROM 
is location zero. 
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Table 1 Signal Functions 



Mnemonic 


Pin No. 


Name 


Description 


Device Control 

EXT INT 


38 
39 

21 


External 
Interrupt 

External 
Reset 

Test Line 


Software-programmable input that is also used in conjunction with the 
timer for pulse width measurement and event counting. 


RESET 
TEST 


Input that may be used to externally reset the F3870. When pulled low, 
the F3870 resets; when then allowed to go high, the F3870 begins 
program execution at program location H'OOOO'. 

An input used only in testing the F3870. For normal circuit operation, 
TEST is left unconnected or grounded. 


Clocic 

STROBE 

XTLi, 
XTL2 


7 
1,2 


Ready 
Strobe 

Time Base 


Normally high output that provides a single low pulse after valid data is 
present on the P4o-P47 pins during an output instruction. 

Inputs to which a crystal (1 MHz to 4 MHz), LC network, RC network, or 
external single-phase clock may be connected. 


I/O Ports 

PO0-PO7 
PI0-PI7 
P4o-P47 
P55-P57 


3-6, 8-19, 
22-37 


I/O Ports 


Thirty-two bidirectional lines that can be individually used as either 
TTL-compatible inputs or latched outputs. 


Power 

Vdd 

Vss 


40 
20 


Power 
Input 

Ground 


-1-5 V± 10% power supply 
Signal and power ground 




Fig. 1 F3870 Architecture 
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Scratchpad and ISAR 

The scratchpad provides 64 8-bit registers that may be 
used as general-purpose RAM. The indirect scratchpad 
address register (ISAR) is a 6-bit register used to address 
the 64 registers. All 64 registers may be accessed using 
the ISAR. In addition, the lower order 12 registers may 
also be directly addressed. 

The ISAR can be visualized as holding two octal digits. 
This division of the ISAR is important, since a number of 
instructions increment or decrement only the least 
significant three bits of the ISAR when referencing 
scratchpad bytes via the ISAR. This makes it easy to 
reference a buffer consisting of contiguous scratchpad 
bytes. For example, when the low-order octal digit is 
incremented or decremented, the ISAR is mcremented 
from octal 27 to 20 or Is decremented from octal 
20 to 27. This feature of the ISAR is very useful in 
many program sequences. All six bits of the ISAR 
may be loaded at one time, or either half may be 
loaded independently. 
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Fig. 2 F3870 Block Diagram 




ACCUMULATOR 
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STATUS 

REGISTER 



Scratchpad registers 9 through 15 (decimal) are given 
mnemonic names (J, H, K, and Q) because of special 
linkages between these registers and other registers, 
such as the stack register. These special linkages 
facilitate the implementation of multi-level interrupts and 
subroutine nesting. For example, the instruction LR K, P 
stores the lower eight bits of the stack register in 
register 13 (K lower, or KL) and stores the upper four bits 
of P in register 12 (K upper, or KU). 

Aritlimetic and Logic Unit (ALU) 

After receiving commands from the main control logic, 
the ALU performs the required arithmetic or logic 



operations (using the data presented on the two input 
buses), and provides the result on the result bus. The 
arithmetic operations that can be performed in the ALU 
are binary add, decimal adjust, add with carry, 
decrement, and increment. The logic operations that can 
be performed are AND, OR, exclusive-OR, ones 
complement, shift right, and shift left. Besides providing 
the result on the result bus, the ALU also provides four 
signals presenting the status of the result. These 
signals, stored in the status register (W), represent the 
CARRY, OVERFLOW, SIGN, and ZERO conditions of the 
result of the operation. 
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Accumulator 

The accumulator (ACC) is the principal register for data 
manipulation within the F3870. The ACC serves as one 
input to the ALU for arithmetic or logical operation. The 
results of ALU operations are stored in the ACC. 

Status Register 

The status register (also referred to as the W register) 
holds five status flags, as follows: 



-♦-BIT NO. 
STATUS REGISTER (W) 

SIGN 

CARRY 

ZERO 

OVERFLOW 

INTERRUPT CONTROL BIT 



Summary of Status Bit 

OVERFLOW = CARR Y 7 © CA RRY e 

ZERO = ALU7 A ALUs A ALU5 A ALU4 
ALU3 A ALU2 A ALUi A ALUo 



C Z CIS 
B 1 























CARRY 
SIGN 



= CARRY7 
= ALU7 



The interrupt control bit (ICB) of the status register may 
be used to allow or disallow interrupts in the F3870. This 
bit is not the same as the two interrupt enable bits in the 
interrupt control port (ICP). If the ICB is set and the 
F3870 interrupt logic communicates an interrupt request 
to the CPU section, the interrupt is acknowledged and 
processed upon completion of the first non-privileged 
instruction. If the ICB is cleared, an interrupt request is 
not acknowledged or processed until the ICB is set. 

I/O Ports 

The F3870 provides four complete bidirectional I/O ports; 
these are ports 0, 1, 4, and 5. In addition, the interrupt 
control register is addressed as port 6 and the binary 
timer is addressed as port 7. An output instruction (OUT 
or OUTS) causes the contents of the ACC to be latched 
into the addressed port. An input instruction (IN or INS) 
transfers the contents of the port to the ACC (port 6 is 
an exception that is described later). The I/O pins on the 
F3870 are logically inverted. The schematic of an I/O pin 
and conceptual illustrations of available output drive 
options are shown in Figure 3. 



An output ready strobe is associated with port 4. This 
flag may be used to signal a peripheral device that the 
F3870 has just completed a single low pulse shortly after 
the output operation is completely finished, so either 
edge may be used to signal the peripheral. This STROBE 
signal may also be used to request new Input 
information from a peripheral simply by doing a dummy 
output of H '00' to port 4 after completing the 
input operation. 

Timer and Interrupt Control Port 

The timer is an 8-bit binary down counter that is 
software-programmable to operate in one of three 
modes: the interval timer mode, the pulse width 
measurement mode, or the event counter mode; the timer 
characteristics are described in Table 2. As shown in 
Figure 4, associated with the timer is an 8-bit register 
called the interrupt control port, a programmable 
prescaler, and an 8-bit modulo-N register; a functional 
logic diagram is shown in Figure 5. 

The desired timer mode, prescale value, starting and 
stopping the timer, active level of the EXT INT pin, and 
local enabling or disabling of interrupts are selected by 
outputting the proper bit configuration from the 
accumulator to the ICP (port 6) with an OUT or OUTS 
instruction. Bits within the ICP are defined as follows: 

Interrupt Control Port (Port 6) 

Bit 0— External Interrupt Enable 
Bit 1— Timer Interrupt Enable 
Bit 2— EXT INT Active Level 
Bit 3 — Start/Stop Timer 
Bit 4— Pulse Width/Interval Timer 
Bit 5— -i- 2 Timer Prescale Values 
Bit 6— -^ 5 Timer Prescale Values 
Bit 7— -T- 20 Timer Prescale Values 

A special situation exists when reading the ICP with an 
IN or INS instruction. The accumulator is not loaded with 
the contents of the ICP; instead, accumulator bits 
through 6 are loaded with zeros, while bit 7 is loaded 
with the logic level being applied to the EXT INT pin, 
thus allowing the status of the EXT INT pin to be 
determined without the necessity of servicing an external 
interrupt request. This capability is useful in establishing 
a high-speed, polled handshake procedure or for using 
EXT INT as an extra input pin if external interrupts are 
not required and the timer is used only in the interval 
timer mode. 
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Fig. 3 I/O Port Diagram 
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Ports and 1 are standard output type only. 

Port s 4 and 5 may be any of the three output options, each pin individually assignable to any port. 

The STROBE output is always configured similar to a standard output, except that it is capable of driving three TTL loads. 



Fig. 4 Timer and Interrupt Control Port Block Diagram 
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Fig. 5 Timer/Interrupt Functional Diagram 



FROM INTERRUPT CONTROL PORT 



EXTERNAL 

TIME 

BASE 



EXTERNAL 
INTERRUPT 
INPUT 



^y 




LOADS INTERRUPT 
VECTOR H 020 UPON 
COMPLETION OF THE 
FIRST NON- PRIVILEGED 
INSTRUCTION 



ACKNOWLEDGE 

TIMER 

INTERRUPT 



^^> 



LOADS INTERRUPT 
VECTOR H OAO' UPON 
COMPLETION OF THE 
FIRST NON- PRIVILEGED 
INSTRUCTION 



ACKNOWLEDGE 

EXTERNAL 

INTERRUPT 



00 

o 



F3870 



Table 2 Timer Characteristics 


Cliaracteristic 


Value 


Interval Timer Mode 




Single Interval Error, Free-Running (Note 3) 


±6t</> 


Cumulative Interval Error, Free-Running (Note 3) 





Error Between Two Timer Reads (Note 2) 


± (tpsc + t0) 


Start Timer to Stop Timer Error (Notes 1, 4) 


+ t0 to -(tpsc-i-t0) 


Start Timer to Read Timer Error (Notes 1, 2) 


-5t0to -(tpsc4-7t0) 


Start Timer to Interrupt Request Error (Notes 1, 3) 


- 2t </) to - 8t</) 


Load Timer to Stop Timer Error (Note 1) 


+ t</) to -(tpsc + 2t</)) 


Load Timer to Read Timer Error (Notes 1, 2) 


-5t</)to -(tpsc + 8t0) 


Load Timer to Interrupt Request Error (Notes 1, 3) 


- 2t0 to - 9t0 


Pulse Width Measurement Mode 




Measurement Accuracy (Note 4) 


+ t0 to - (tpsc + 2t0) 


Minimum Pulse Width of EXT INT Pin 


2X<f> 


Event Counter Mode 




Minimum Active Time of EXT INT Pin 


2t(/) 


Minimum Inactive Time of EXT INT Pin 


2t<^ 



Definitions 

Error =; indicated time value -actual time value 
tpsc = t</> X prescale value 

Notes 

1. All times that entail loading, starting, or stopping the timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction. 

2. All times that entail reading the timer are referenced from the end of the last machine cycle of the IN or INS instruction. 

3. All times that entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request 
latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multi-cycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 



The rate at which the timer is clocked in the interval 
timer mode is determined by the frequency of an internal 
clock and by the division value selected for the 
prescaler. (The internal clock operates at one-half the 
external time base frequency.) If ICP bit 5 is set and bits 

6 and 7 are cleared, the prescaler divides ^ by 2. 
Likewise, if bit 6 or 7 is individually set, the prescaler 
divides ^ by 5 or 20, respectively. Combinations of bits 5, 
6, and 7 may also be selected. For example, if bits 5 and 

7 are set while bit 6 is cleared, the prescaler divides by 
40. Thus, possible prescaler values are: -^2, -^5, -^ 10, 
-^20, -^40, -^100, and -^200. 

Any of three conditions cause the prescaler to be 
reset: whenever the timer is stopped by clearing ICP 
bit 3, on execution of an output instruction to port 7 (the 
timer is assigned port address 7), or on the trailing edge 
transition of the EXT INT pin when in the pulse width 
measurement mode. These last two conditions are 



explained in the following paragraphs. 

An OUT or OUTS instruction to port 7 loads the contents 
of the accumulator into both the timer and the 8-bit 
modulo-N register, resets the prescaler, and clears any 
previously stored timer interrupt request. As previously 
noted, the timer is an 8-bit down counter that is clocked 
by the prescaler in the interval timer mode and in the 
pulse width measurement mode. The prescaler is not 
used in the event counter mode. The modulo-N register 
is a buffer whose function is to save the value that was 
most recently output to port 7. The modulo-N register is 
used in all three timer modes. 

Interval Timer Mode — When ICP bit 4 is cleared (logic 0) 
and at least one prescale bit is set, the timer operates in 
the interval timer mode. When bit 3 of the ICP Is set, the 
timer starts counting down from the modulo-N value. 
After counting down to H '01 ', the timer returns to the 
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modulo-N value at the next count. On the transition from 
H '01 ' to H 'N ', the timer sets a timer interrupt request 
latch. Note that the interrupt request latch Is set by the 
transition of H'N' In the timer, thus allowing a full 256 
counts if the modulo-N register is preset to H'OO'. If bit 

1 of the ICP is set, the interrupt request is passed to the 
CPU section of the F3870. However, if bit 1 of the ICP is 
a logic 0, the interrupt request is not passed, but the 
interrupt request latch remains set. If ICP bit 1 is 
subsequently set, the interrupt request is then passed to 
the CPU. Only two events can reset the timer interrupt 
request latch: when the timer interrupt request is 
acknowledged by the CPU, or when a new load of the 
modulo-N register is performed. 

Consider an example in which the modulo-N register 
is loaded with H'64' (decimal 100). The timer interrupt 
request latch is set at the 100th count following the 
timer start, and the timer interrupt request latch Is 
repeatedly set on precise 100-count intervals. If the 
prescaler is set at -^ 40, the timer interrupt request 
latch is set every 4000 (j) clock periods. For a 2 MHz 
(f> clock (4 MHz time base frequency), this produces 

2 ms intervals. 

The range of possible intervals is from 2 to 51,200 <(> 
clock periods (1 /xs to 25.6 ms for a 2 MHz clock). 
However, approximately 50 </> periods is a practical 
minimum because the time between setting the interrupt 
request latch and the execution of the first instruction of 
the interrupt service routine is at least 29 periods (the 
response time is dependent upon how many privileged 
instructions are encountered when the request occurs). 
To establish time intervals greater than 51,200 clock 
periods is simply a matter of using the timer interrupt 
service routine to count the number of interrupts, saving 
the result In one or more of the scratchpad registers 
until the desired interval is achieved. With this 
technique, virtually any time interval, or several time 
intervals, may be generated. 

The timer may be read at any time and in any mode using 
an input instruction (IN 7 or INS 7); this may take place 
on-the-fly without interfering with normal timer operation. 
The timer may also be stopped at any time by clearing 
bit 3 of the ICP. The timer holds its current contents 
indefinitely and resumes counting when bit 3 is again 
set. The prescaler, however, is reset whenever the timer 
is stopped; thus, a series of starts and stops results in a 
cumulative truncation error. 

For a free-running timer in the Interval timer mode, the 
time interval between any two interrupt requests may be 
in error by ±6 (/> clock periods, although the cumulative 



error over many intervals Is zero. The prescaler and timer 
generate precise intervals for setting the timer interrupt 
request latch, but the time-out may occur at any time 
within a machine cycle. (There are two types of machine 
cycles: short cycles that consist of four (f> clock periods, 
and long cycles that consist of 6 clock periods.) In the 
multi-chip F8 family, there is a signal referred to as the 
write clock, which corresponds to a machine cycle. 
Interrupt requests are synchronized with the internal 
write clock, thus giving rise to the possible ± 6 <A error. 
Additional errors may arise due to the interrupt request 
occurring while a privileged instruction or multi-cycle 
instruction is being executed. Nevertheless, for most 
applications, all of the above errors are negligible, 
especially if the desired time Interval is greater than 
1 ms. 

Pulse Width Measurement Mode — When ICP bit 4 is set 

(logic 1) and at least one prescale bit is set, the timer 
operates in the pulse width measurement mode. This 
mode is used for accurately measuring the duration of a 
pulse applied to the EXT INT pin. The timer Is stopped 
and the prescaler is reset when the EXT INT pin is at its 
Inactive level. The active level of EXT INT is defined by 
ICP bit 2: if cleared, EXT INT is active-low; if set, EXT 
INT is active-high. If ICP bit 3 Is set, the prescaler and 
timer start counting when EXT INT transfers to the active 
level. When EXT INT returns to the Inactive level, the 
timer stops, the prescaler resets, and, if ICP bit is set, 
an external interrupt request latch is set. (Unlike timer 
interrupts, external interrupts are not latched if the ICP 
interrupt enable bit is not set.) 

As in the interval timer mode, the timer may be read at 
any time, or may be stopped at any time by clearing ICP 
bit 3, the prescaler and the ICP bit 1 function as 
previously described; the timer still functions as an 8-bit 
binary down counter with the timer interrupt request 
latch being set on the timer's transition from H'01 ' to 
H'N' (modulo-N value). Note that the EXT INT pin has 
nothing to do with loading the timer; Its action Is that of 
automatically starting and stopping the timer and of 
generating external Interrupts. Pulse widths longer than 
the prescaler value times the modulo-N value are easily 
measured by using the timer Interrupt service routine to 
store the number of timer Interrupts In one or more 
scratchpad registers. 

As for accuracy, the actual pulse duration is typically 
slightly longer than the measured value because the 
status of the prescaler Is not readable and Is reset when 
the timer Is stopped. Thus, for maximum accuracy, it is 
advisable to use a small-division setting for the 
prescaler. 
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Event Counter Mode — When ICP bit 4 is cleared and all 
prescale bits (ICP bits 5, 6, and 7) are cleared, the timer 
operates in the event counter mode. This mode is used 
for counting pulses applied to the EXT INT pin. If ICP bit 
3 is set, the timer decrements on each transition from 
the inactive level to the active level of the EXT INT pin. 
The prescaler is not used in this mode but, as in the 
other two timer modes, the timer may be read at any 
time, or may be stopped at any time by clearing ICP bit 
3; ICP bit 1 functions are previously described, and the 
timer interrupt request latch is set on the timer's 
transition from H'01' to H'N' (modulo-N value). 

Normally, ICP bit should be kept cleared in the event 
counter mode; otherwise, external interrupts are 
generated on the transition from the inactive level to the 
active level of the EXT INT pin. 

For the event counter mode, the minimum pulse width 
required on the EXT INT pin is 2 <^ clock periods, and the 
minimum inactive time Is 2 </> clock periods; therefore, 
the maximum repetition rate is 500 Hz. 

External Interrupts 

When the timer is In the interval timer mode, the EXT INT 
pin Is available for non-timer-related Interrupts. If ICP bit 
is set, an external interrupt request latch Is set when 
there is a transition from the inactive level to the active 
level of the EXT INT pin (EXT INT is an edge-triggered 
input). The interrupt request is latched until either 
acknowledged by the CPU or ICP bit is cleared (unlike 
timer interrupt requests, which remain latched even when 
ICP bit 1 is cleared). External Interrupts are handled in 
the same fashion when the timer Is in the pulse width 
measurement mode or in the event counter mode, except 
that in the pulse width measurement mode the external 
interrupt request latch is set on the traiiing edge of the 
EXT INT input; that is, on the transition from the active 
level to the inactive level. 

Interrupt Handling 

When either a timer or an external interrupt request Is 
communicated to the CPU section of the F3870, It is 
acknowledged and processed at the completion of the 
first non-privileged instruction if the interrupt control bit 
of the status register is set. If the interrupt control bit is 
not set, the interrupt request continues either until the 
interrupt control bit is set and the CPU acknowledges 
the interrupt or until the interrupt request is cleared as 
previously described. 

If there are a timer interrupt request and an external 
Interrupt request when the CPU starts to process the 
requests, the timer interrupt is handled first. 



When an interrupt Is allowed, the CPU requests that the 
interrupting element pass Its interrupt vector address to 
the program counter via the data bus. The vector address 
for a timer interrupt is H '20'; the vector address for an 
external interrupt is H 'OAO'. After the vector address is 
passed to the program counter, the CPU sends an 
acknowledge signal to the appropriate Interrupt request 
latch, which clears that latch. The execution of the 
interrupt service routine then commences. The return 
address of the original program is automatically saved in 
the stack register, P. 

Power-On Clear 

The F3870 contains power-on clear circuitry to 
automatically reset the internal logic following the 
application of external power. Since many variations 
of power supply circuitry exist, Fairchlld cannot 
guarantee that the power-on clear will operate under 
every power-up condition. 

The power-on clear circuitry contains on-chip sensors to 
monitor various conditions. The following conditions 
must be satisfied before the power-reset sequence is 
allowed to start: 

1. Supply voltage must be above a certain value, typically 
+ 3 V to -h 4 V. 

2. The clocks of the device must be functioning. 

3. The substrate bias must reach a certain level. 

All three conditions must be met before the power-on 
clear circuitry initiates a reset cycle. However, these 
conditions can be satisfied even with a supply voltage of 
as low as 3 volts. The iatest versions of the F3870 have a 
modified delay circuit that gives a typical delay of 500 fis 
(with a 4 MHz crystal) after the above conditions are met. 
This is an improvement over the earlier F3870 versions. 

Since the F3870 is only guaranteed to operate at a 
supply voltage of 4.5 V or greater, the user must ensure 
that the supply voltage is at least 4.5 V when the F3870 
initiates the reset cycle. For power supplies having a 
slow rise time, an external RC network can be converted 
to the external reset Input of the F3870 to hold the 
device in a reset state long enough to allow the power 
supply to reach a voltage of 4.5 V. 

+ 5V 



h 



EXTERNAL RESET 



{ 
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External Reset 



When the RESET input is low, the contents of the 
program counter are pushed to the stack register and the 
progrann counter and the ICB of the status register are 
cleared. The original stack register contents are lost. As 
with power-on clear, ports 4, 5, 6, and 7 are loaded with 
H '00'. The conten ts of al l other registers and ports are 
unchanged. When RESET is high, the first program 
instruction is fetched from ROM location H'OOOO'. 



Fig. 6 F3870 Clock Configurations 



Crystal Mode 



XTL2 



AT CUT 1 - 4 MHz 



External Mode 



? 



OPEN EXTERNAL 
CLOCK 



Test Logic 

Special test logic is implemented to allow access to the 
internal main data bus for test purposes. 

in normal operation, the TEST pin is unconnected or is 
connected to ground. When TEST is placed at a level of 
from 2.8 V to 3.0 V, port 4 becomes an output of the 
internal data bus and port 5 becomes a wired-OR input to 
the internal data bus. The data appearing on the port 4 
pins is logically true, whereas input data forced on port 5 
must be logically false. When TEST is placed at a high 
level (8.8 V to 9.0 V), the ports act as described above 
and, additionally, the program ROM is prevented from 
driving the data bus. In this mode, operands and 
instructions may be forced externally through port 5 
instead of being accessed from the program RO M. When 
TEST is in either the TTL state or the high state, STROBE 
ceases its normal function and becomes a cycle clock 
(identical to the F8 multi-chip system write clock, except 
inverted). 

Timing complexities render the capabilities associated 
with the TEST pin impractical for use in a user 
application, but these capabilities are sufficient to 
enable Fairchild to implement a rapid method for 
thoroughly testing the F3870. 

F3870 Clocks 

The time bases for the F3870 may originate from one of 
four external sources; the four external configurations 
are shown in Figure 6. There is an internal 26.5 pF 
capacitor between XTLi and GND, and also between 
XTL2 and GND. Thus, external capacitors are not 
required. In all external clock modes, the external time 
base frequency is divided by 2 to form the internal 
</) clock. 



RC Mode 



LC Mode 



xTLi XTL2 I 



XTLi 



XTL2 




Cexternal 
7^ (OPTIONAL— CAN 



L_He_j 

Cexternal (OPTIONAL) 



Minimum R = 4kfi 



Minimum L=0.1 mH 
Minimum Q=40 



C = 20.5 pF ± 2.5 pF + Cexternal Maximum Cexternal = 30 pF 
1 



1.1 RC + 65ns 

1 
1.0 RC+ 15ns 



Example with Cexternal = 
R=15 kn±5% 
f = 2.9 MHz ±26% 



C= 10 pF± 1.3 pF + Cexternal 



27rVLC 

Example with Cexternal = 
1 = 0.3 mH± 10% 
f = 3.0 MHz±10% 



Instruction Set 

The F3870 executes the entire instruction set of the 
multi-chip F8 family (F3850 family), as shown in Table 3. 
Of course, the STORE instruction is of little use in the 
F3870 because only read-only memory exists in the 
addressing range of the data counter (the data counter, 
however, is incremented if STORE is executed). 

A summary of programmable registers and ports is given 
in Figure 7. 

Also, for convenient reference, a programming model of 
the F3870 is given in Figure 8. 
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Table 3 F3870 Instruction Set 



Accumulator Group Instructions 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SiGN 


Add Carry 


LNK 




ACC«-(ACC)+CRY 


19 


1 


1 


1/0 


1/0 


1/0 


1/0 


Add Immediate 


Al 


ii 


ACC-(ACC)+ H'ii' 


24 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


AND Immediate 


Nl 


ii 


ACC-(ACC) A H'ii' 


21 ii 


2 


2.5 





1/0 





1/0 


Clear 


CLR 




ACC-H'OO' 


70 


1 


1 










Compare Immediate 


CI 


ii 


H'ii' + (ACC)+1 


25 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


Complement 


COM 




ACC-(ACC)®H'FF' 


18 


1 


1 





1/0 





1/0 


Exclusive OR Immediate 


XI 


ii 


ACC^(ACC)®H'ii' 


23 ii 


2 


2.5 





1/0 





1/0 


Increment 


INC 




ACC^(ACC)+1 


IF 


1 


1 


1/0 


1/0 


1/0 


1/0 


Load Immediate 


LI 


ii 


ACC-H'ii' 


20 ii 


2 


2.5 


_ 


_ 


_ 


— 


Load Immediate Short 


LIS 


i 


ACC-H'Oi* 


7i 


1 


1 


— 


_ 


— 


— 


OR Immediate 


01 


ii 


ACC^(ACC) V H'ii' 


22 ii 


2 


2.5 





1/0 





1/0 


Shift Left One 


SL 


1 


SHIFT LEFT 1 


13 


1 


1 





1/0 





1/0 


Shift Left Four 


SL 


4 


SHIFT LEFT 4 


15 


1 


1 





1/0 





1/0 


Shift Right One 


SR 


1 


SHIFT RIGHT 1 


12 


1 


1 





1/0 





1 


Shift Right Four 


SR 


4 


SHIFT RIGHT 4 


14 


1 


1 





1/0 





1 



Branch Instructions 

(In All Conditional Branches, PO (P0) + 2 if the Test Conditions Are Not Met. Execution Is Complete in 30 Cycles.) 





Mnemonic 
opcode 


Operand 




















Machine 
Code 


Bytes 


Cycles 


status Bits 


Operation 


Function 


OVF 


ZERO 


CRY 


SiGN 


Branch on Carry 


BC 


aa 


P0~((P0)+1]-f-H'aa'if CRY=1 


82 aa 


2 


3.5 


_ 


_ 


_ 


_ 


Branch on Positive 


BP 


aa 


P0-I(P0)+1]+H'aa'if SIGN=1 


81 aa 


2 


3.5 


_ 


— 


_ 


— 


Branch on Zero 


BZ 


aa 


PO-[(PO)+ 1]+ H'aa' if ZERO = 1 


84 aa 


2 


3.5 


— 


— 


— 


— 


Branch on True 


BT 


t,aa 


PO-[(PO)+ 1]+ H'aa' if any test is true 


8taa 


2 


3.5 


- 


- 


- 


- 




BM 


aa 




t = TEST CONDITION 




91 aa 


2 


3.5 














22 


2' 


2° 








ZERO 


CRY 


SIGN 




Branch if Negative 


PO^[(F 


50)+1]+H'aa' if SIGh 


= 





Branch if No Carry 


BNC 


aa 


PO>-[(PO)+ 1]+ H'aa' if CARRY :^0 


92 aa 


2 


3.5 


— 


— 


— 


— 


Branch if No Overflow 


BNO 


aa 


P0^[(P0)+1]+H'aa'if OVF = 


98 aa 


2 


3.5 


— 


— 


— 


— 


Branch if Not Zero 


BNZ 


aa 


P0^[(P0)+1]+ H'aa' if ZERO = 


94 aa 


2 


3.5 


— 


— 


— 


— 


Branch if False Test 


BF 


t,aa 


P0«-[(P0)+1]+ H'aa' if all false test bits 


9taa 


2 


3.5 


- 


- 


- 


- 




BR7 


aa 




t = TEST CONDITION 




8Faa 


2 


2.5 














23 


22 


2' 


20 








OVF 


ZERO 


CRY 


SIGN 




Branch if ISAR (Lower) 7 


PO^ 


I(P0)+1]+H'aa' if ISARL:^7 













P0-(P0)4-2 if ISARL=7 






2.0 


— 


— 


— 


— 


Branch Relative 


BR 


aa 


P0-[(P0)+1]+H'aa' 


90 aa 


2 


3.5 


— 


— 


— 


— 


Jump* 


JMP 




PO-H'aaaa' 


29 aaaa 


3 


5.5 


- 


- 


- 


- 



Memory Reference Instructions (In All Memory Reference Instructions, the Data Counter Is Incremented DC— DC»1.) 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycies 


status Bits 


Operation 


OVF 


ZERO 


CRY 


SiGN 


Add Binary 


AM 




ACC-(ACC)+((DC)] 


88 




2.5 


1/0 


1/0 


1/0 


1/0 


Add Decimal 


AMD 




ACC^(ACC)+I(DC)] 


89 




2.5 


1/0 


1/0 


1/0 


1/0 


AND 


NM 




ACC-(ACC) A [(DC)] 


8A 




2.5 





1/0 





1/0 


Compare 


CM 




[(DC)]+(ACC)+1 


8D 




2.5 


1/0 


1/0 


1/0 


1/0 


Exclusive OR 


XM 




ACC-(ACC)®[(DC)] 


8C 




2.5 





1/0 





1/0 


Load 


LM 




ACC^[(DC)] 


16 




2.5 


— 


— 


— 


— 


Logical OR 


OM 




ACC>-(ACC) V [(DC]) 


8B 




2.5 





1/0 





1/0 


Store 


ST 




(DC)^(ACC) 


17 




2.5 


— 


— 


— 


— 



*Privileged instruction 

Note 

JMP and PI change accumulator contents to the high byte address. 
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Table 3 F3870 Instruction Set (Cont.) 



Address Register Group Instructions 




















Mnemonic 
OP Code 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add to Data Counter 


ADC 




DC^(DC)+(ACC) 


8E 




2.5 


_ 


_ 


_ 


_ 


Call to Subroutine 


PK* 




P^(PO); P0U^(r12); PL^(r13) 


OC 




4 


— 


_ 


— 


_ 


Call to Subroutine Innnnediate 


PI* 


aaaa 


P^(P); PO-H'aaaa't 


28 aaaa 




6.5 


— 


— 


— 


— 


Exchange DC 


XDC 




DC— DC1 


2C 




2 


— 


— 


— 


— 


Load Data Counter 


LR 


DC,Q 


DCU-(r14); DCL>-(r15) 


OF 




4 


— 


— 


— 


— 


Load Data Counter 


LR 


DC.H 


DCU-(rlO); DCL-(r11) 


10 




4 


— 


— 


— 


— 


Load DC Immediate 


DCI 


aaaa 


DC- H 'aaaa' 


2A aaaa 




6 


— 


— 





— 


Load Program Counter 


LR 


PO,Q 


P0U-(r14); P0L-(r15) 


OD 




4 


— 


— 


— 


— 


Load Stack Register 


LR 


P.K 


PU-ina); PL-(r13) 


09 




4 


— 


— 


— 


— 


Return From Subroutine 


POP* 




PO-(P) 


1C 




2 


— 


— 


— 


— 


Store Data Counter 


LR 


Q,DC 


r14-(DCU); r15-(DCL) 


OE 




4 


— 


— 


— 


— 


Store Data Counter 


LR 


H,DC 


r10~(DCU); r11-(DCL) 


11 




4 


— 


— 


— 


— 


Store Stack Register 


LR 


K,P 


r12«-(PU); r13-(P) 


08 




4 


- 


- 


- 


- 




Scratchpad Register Instructions (Refer to Scratchpad Addressing Modes.) 


















Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Binary 


AS 


r 


ACC-(ACC)+(r) 


Cr 




1 


1/0 


1/0 


1/0 


1/0 


Add Decimal 


ASD 


r 


ACC-(ACC)+(r) 


Dr 




2 


1/0 


1/0 


1/0 


1/0 


Decrement 


DS 


r 


r>-(r)+H'FF' 


3r 




1.5 


1/0 


1/0 


1/0 


1/0 


Load 


LR 


A,r 


ACC-(r) 


4r 






^ — 


— 


— 


— 


Load 


LR 


A,KU 


ACC-(r12) 


00 






— 


— 


— 


— 


Load 


LR 


A,KL 


ACC~(r13) 


01 






— 


— 


— 


— 


Load 


LR 


A,QU 


ACC>-(r14) 


02 






— 


— 


— 


— 


Load 


LR 


A,QL 


ACC«-(r15) 


03 






— 


— 


— 


— 


Load 


LR 


r,A 


r-(ACC) 


5r 






— 


— 


— 


— 


Load 


LR 


KU,A 


r12-(ACC) 


04 




1 


— 


— 


— 


— 


Load 


LR 


KL.A 


r13-{ACC) 


05 






— 


— 


— 


— 


Load 


LR 


QU.A 


r14-(ACC) 


06 






— 


— 


— 


— 


Load 


LR 


QL,A 


r15-(ACC) 


07 






— 


— 


— 


— 


AND 


NS 


r 


ACC~(ACC) A(r) 


Fr 









1/0 





1/0 


Exclusive OR 


XS 


r 


ACC-(ACC)®(r) 


Er 




^ 





1/0 





1/0 



Miscellaneous Instructions 





Mnemonic 
OP Code 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Disable Interrupt 


Dl 




RESET ICB 


1A 




2 


— 


— 


— 


— 


Enable Interrupt* 


El 




SET ICB 


1B 




2 


— 


— 


— 


— 


Input 


IN 


aa 


ACC-(INPUTPORTaa) 


26 aa 




4 





1/0 





1/0 


Input Short 


INS 


a 


ACC-(INPUTPORTa) 


Aa 




4*** 





1/0 





1/0 


Load ISAR 


LR 


IS,A 


ISAR-(ACC) 


OB 




1 


— 


— 


— 


— 


Load ISAR Lower 


LISL 


a 


ISARL-a 


01101a** 




1 


— 


— 


— 


— 


Load ISAR Upper 


LISU 


a 


ISARU-a 


01100a** 




1 


— 


— 


— 


— 


Load Status Register* 


LR 


W,J 


W-(r9) 


ID 




2 


1/0 


1/0 


1/0 


1/0 


No-Operation 


NOP 




P0-(P0)-i-1 


2B 




1 


— 


— 


— 


— 


Output 


OUT 


aa 


OUTPUT PORT aa-(ACC) 


27 aa 




4 


— 


— 


— 


— 


Output Short 


OUTS 


a 


OUTPUT PORT a-(ACC) 


Ba 




4*** 


— 


— 


— 


— 


Store ISAR 


LR 


A.IS 


ACC-(ISAR) 


OA 




1 


— 


— 


— 


— 


Store Status Register 


LR 


J,W 


r9-(W) 


IE 




1 


— 


— 


~,. 


— 



'Privileged instruction 
**3-bit octal digit 
***Two machine cycles for CPU ports 
^Contents of ACC destroyed 
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Table 3 F3870 Instruction Set (Cont.) 

Notes 

Each lower case character represents a hexadecimal digit. 

Each cycle equals four machine clock periods. 

Lower case denotes variables specified by the programmer. 



Function Defihitons 

- is replaced by 

the contents of 
binary ones complement of 
arithmetic add (binary or decimal) 
logical OR exclusive 
logical AND 
logical OR inclusive 
hexadecimal digit 



( ) 
(-) 



A 
V 
H'#' 



Register Names 

a address variable 

A accumulator 

DC data counter (indirect address register) 

DC1 data counter #1 (auxiliary data counter) 

OGL least significant eight bits of data counter addressed 

DCU most significant eight bits of data counter addressed 

H scratchpad register #10 and #11 

i and ii immediate operand 

ICB interrupt control bit 

IS indirect scratchpad address register 

ISAR indirect scratchpad address register 

ISARL least significant three bits of ISAR 

ISARU most significant three bits of ISAR 



J scratchpad register #9 

K registers #12 and #13 

KL register #13 

KU register #12 

PO program counter 

POL least significant eight bits of program counter 

POU most significant eight bits of program counter 

P stack register 

PL least significant eight bits of program counter 

PU most significant eight bits of active stack register 

registers #14 and #15 

QL register #15 

QU register #14 

r scratchpad register (any address through 11) 

W status register 

Scratchpad Addressing (Modes (Machine Code Format) 

r= C (hexadecimal) register addressed by ISAR (unmodified) 

r= D (hexadecimal) register addressed by ISAR; ISARL incremented 

r= E (hexadecimal) register addressed by ISAR; ISARL decremented 

r=F (no operation performed) 

r= 0-B (hexadecimal) register through 11 addressed directly from the 
instruction 

Status Register 

— no change in condition 

1/0 is set to 1 or 0, depending on conditions 

CRY carry flag 



Mask Options 



The ROM array may contain object program code and/or 
tables of nonvarying data. Every F3870 Is implemented 
using a custom masl< that specifies the state of every 
ROM bit, as well as certain address mask options that are 
external to the ROM array. The following mask options are 
specified: 

1. The 1024, 2048, 3072, or 4096 bytes of ROM storage. 
This reflects programs and permanent data tables 
stored in the PSU memory. 

2. Input/output ports can be any of the following three 
configurations: 

a. Standard pull-up 

b. Open drain 

c. Direct drive 



3. Input/output ports and 1 can be specified either 
cleared or unaltered following an external reset. 

4. External interrupt and external reset can be specified to 
have or omit an internal pull-up resistor. 

5. The I/O port output option choices are: the standard 
pull-up (option A), the open drain (option B), and the 
driver pull-up (option 0). 

The format for mask options must be submitted to 
Fairchild Microprocessor Division before device 
manufacture. The data to be stored in permanent memory 
may be submitted in the form of an EPROM or 
HP2644/HP2645 cartridge (Formulator format only). Other 
options must be specified on the Fairchild ROM Code 
Entry Form, available from a Fairchild representative. 
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STATUS 
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7 

A 

I 
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B 
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SCRATCHPAD 
ADDRESS 
REGISTER 



AUX DATA 
COUNTER 



DATA 
COUNTER 



STACK 
REGISTER 



PROGRAM 
COUNTER 



7 SCRATCHPAD 



BYTE ADDRESS 
DEC HEX OCT 



D 



A 


12 


B 


13 


C 


14 



17 
20 



58 3A 72 



59 3B 73 



60 


3C 


61 


3D 


62 


3E 


63 


3F 



BINARY 
TIMER 


PORT 7 




7 







INTERRUPT 

CONTROL 

PORT 


PORT 6 



I/O 


PORT 




I/O 


PORT 1 




I/O 


PORT 4 




I/O 


PORT 5 



► STROBE 
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PROGRAM 
ROM 



_r 



TT 



•-j LNK ]-•— 



DATA COUNTER 



IKT. VECTOR 



1 



r-C^l- 



5 4 3,,i8 1 



]=n 



— j - 



.0 




— SI 


1 1J 






2 






3 






4 






5 






« 






r 






10 






11 


i- 


— M — 


■^ 


F 


^ 


U14 


P 




LIS 


€ 




U16 


iF 




L 17? 


SO 




20- 


11 




21 


f ^ ^ 


3C 




7^ 


3D T5>| 


*3E rsj 


^_ 




77 



OUTS P. iP 0.1.4,5) 
1NS*P. {P 0.1.4,5) 



5 V VOLTS 

LOGIC 

ON I/O 

PINS 



ACCUMULATOR 



€3= 



COM" 
INC 
_ SL1 
SL4 
SRI 
SR4 



LI, LIS 
-*CI** 



PROGRAM 
ROM 



EXTERNAL INTERRUPT 
INPUT ^+SV -LOGIC 1) 



RESET transfsrs POO to P and 
than ciaars PO, IC8 Wt of W. 
and Ports 4, 5. 6. and 7. 



* These instructions set status 

^ The value of the extei 
bit 7 of the accumulator (with IHts through 6 loaded 
with zeros) when the Instruction 'INS 6' is executed. 
This instruction also sets status. 
'' PO, P. OC, and 0C1 era 12-bit registers. 



Noia: 

The instructions PI and PK are stiown in t«^o sequential parts {PI1, PI2, and PK1, PK^. 



F3870 



Supplementary Notes 

For total software compatibility when expanding into a 
multi-chip configuration, the F3871 Peripheral 
Input/Output circuit should be used. The F3871 has the 
same improved timer (binary count, readable, and three 
modes of operation) and ready strobe outputs as 
the F3870. 

The interrupt control bit of the status register is 
automatically reset when an interrupt request is 
acknowledged. It is then the programmer's responsibility 
to determine when the ICB is again to be set (by 
executing the E1 instruction). This action prevents an 
interrupt service routine from being interrupted unless 
the programmer so desires. 

When reading the interrupt control port (port 6), bit 7 of 
the accumulator is loaded with the actual logic level 
being applied to the EXT INT pin, regardless of the 
status of ICP bit 2 (the EXT INT active level bit); that is, if 
the EXT INT pin is at +5 V, bit 7 of the accumulator is 
set to a logic 1, but if the EXT INT pin Is at ground, 
accumulator bit 7 is reset to logic 0. 

In Table 3, the number of cycles shown is "nominal 
machine cycles." A nominal machine cycle is defined as 
4 </) clock periods, thus requiring 2 fis for a 2 MHz clock 
frequency (4 MHz external time base frequency). 

Table 3 also uses the following nomenclature for 
register names: 



This nomenclature is used to be consistent with the 
assembly language mnemonics. 

For the F3870, execution of an INS or OUTS instruction 
requires two machine cycles for ports and 1, whereas 
ports 4 and 5 require four machine cycles. 

When an external reset of the F3870 occurs, PO pushes 
into P and the old contents of P are lost. It must be 
noted that an external reset is recognized at the start of 
the machine cycle and not necessarily at the end of an 
instruction. Thus, if the F3870 is executing a multi-cycle 
instruction, that instruction is not completed and the 
contents of P upon reset may not necessarily be the 
address of the instruction that would have been 
executed next. It may, for example, point to an 
immediate operand if the reset occurred during the 
second cycle of an L1 or C1 instruction. Additionally, 
several instructions (J MP, P1, PK, LR, PO and Q) as well 
as the interrupt acknowledge sequence modify PO in 
parts. That is, they alter PO by loading first one part, then 
the other, and the entire operation takes more than one 
cycle. Should reset occur during this modification 
process, the value pushed Into P is part of the old PO 
(the as-yet unmodified part) and part of the new PO 
(already-modified part). Thus, care should be taken 
(perhaps by external gating) to ensure that reset does not 
occur at an undesirable time if any significance is to be 
given to the contents of P after a reset occurs. 



F8 — F3870 
PCo= PO 
PCi= P 
DCo= DC 
DCi= DC1 



Program Counter 
Stack Register 
Data Counter 
Auxiliary Data Counter 
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Timing Cliaracteristics 

The F3870 timing characteristics are described in Table 4 
and illustrated in Figures 9 and 10. 



Table 4 Timing Characteristics 



Signal 


Symbol 


Characteristic 


Min 


Max 


Unit 


Notes 


XTLi 
XTL2 


to(EX) 


Time Base Period, All External Modes 


250 


1000 


ns 




tEx(H) 


External Clock Pulse Width, high 


90 


700 


ns 


4 MHz-1 MHz 




tEx(L) 


External Clock Pulse Width, low 


100 


700 


ns 







U 


Internal Clock Period 


2t0 






WRITE 


tw 


Internal WRITE Clock Period 


4t^ 
6t0 




Short Cycle 
Long Cycle 


I/O 


^dl/0 


Output Delay from Internal WRITE Clock 





1000 


ns 


50 pF Plus One 
TTL Load 




Ul/0 


Input Setup Time to WRITE Clock 


1000 




ns 






hios 




3U 
-1000 


3t0 
+ 250 


ns 






Output Valid to STROBE Delay 


Notel 


STROBE 




tsL 




8t0 
-250 


12t0 
+ 250 


ns 






STROBE low Time 






tRH 




+ 750 




ns 




RESET 


RESET Hold Time, low 




EXT INT 


tEH 


EXT INT Hold Time, Active State 


6t0 
+ 750 




ns 


To Trigger 
Interrupt 


EXT INT Hold Time, Inactive State 


2t0 




ns 


To Trigger Timer; 
Note 2 




C|N 


Input Capacitance: 

I/O Ports, RESET, EXT INT 




7 


PF 


Unmeasured Pins 
Returned to Vss; 
Note 4 




CxTL 


Input Capacitance: XTLi, XTL2 


23.5 


29.5 


PF 


Unmeasured Pins 
Returned to Vss; 
Note 4 



Notes 

1. I/O load is 50 pF plus one standard TTL input; STROBE load is 50 pF plus three standard TTL inputs. 

2. Specification is applicable when the timer is in the interval timer mode. 

3. T;i^-0°C to +70°C, Vdd= +5 V± 10%, I/O power dissipation < 100 mW, unless otherwise noted. 

4. Ta = 25»C, f = 2MHz. 
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Fig. 9 Timing Diagrams 



EXTERNAL CLOCK 



INTERNAL (^ CLOCK 




I/O PORT OUTPUT 



X 


J 


^ t|/0-S 


^ 


y 




tSL — -1 




1— -f 

U IRH— *] 



ICP BIT 2 
ICP BIT 2=1 



-tEH- 



All measurements are referenced to V|l max. V|h min, Vql "lax, or Vqh "lin 
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Fig. 10 Port Input/Output Timing Diagrams 
A. Input on Port 4 or 5 



IN OR 

INS 

OP CODE 

FETCHED 



PORT ADDR. 
PLACED ON 
DATA BUS 



PORT DATA 
DRIVEN ON TO 
DATA BUS 



y 



1^8 

SET-UP 

MAX 

*SI/0 



NEXT 
OP CODE 
FETCHED 



CYCLE TIMING 
' DEPENDS ON INSTRUCTION 



♦Cycle timing shown for 4 MHz external clock 

B. Output on Port 4 or 5 



OUT OR 
OUTS 
OP CODE 
FETCHED 



PORT ADDR. 
ON DATA 
BUS 



ACCUMULATOR 
CONTENTS 
ON DATA BMS 



STROBE — 
(ACTIVE FOR 
PORT 4 ONLY) 



NEXT 
OP CODE 
FETCHED 



y. 



kll/O 

1 MS 

MAX 



"N. 



CYCLE TIMING 
' DEPENDS ON INSTRUCTION 



STAYS LOW 
FOR TWO WRITE 
CYCLES 



t|/0-S 
~ 500 ns* MIN 



*Cycle timing sliown for 4 MHz external clock 

C. Input on Port or 1 



-2^8* - 



INS 0, 1 
FETCHED 



-2ms* 



PORT 
DATA ON 
BUS 



XZIK 



tSI/0 
1m8 
MAX 
SET-UP 



NEXT 
OP CODE 
FETCHED 



D. Output on Port or 1 

— 2ms* 




PORT PINS 



MAX 



*Cycle timing shown for 4 MHz external clock 



*Cycle timing shown for 4 MHz external clock 
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DC Char«eteristies 



Absolute Maximum Ratings 



The dc characteristics of the F3870 are described In 
Table 5. 



These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
Indicated in this data sheet, is not Implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 

Voltage on any Pin with Respect to - 1 .0 V, + 7 V 

Ground (Except Open-Drain Pins) 

Voltage on any Open-Drain Pin ~ 1 .0 V, + 13.2 V 

Power Dissipation 1.5 W 

Ambient Temperature Under Bias O'C, -h70 *C 

Storage Temperature - 55 'C, + 1 50 *C 




Table § D€ Charaoterist^os T^ = X to + 70 X, Vcc 


= -H5Vi10%, I/O power dissipation slOOmW 


Symbol 


eharaoterlstjc 


Min 


Max 


Unit 


Conditions 


•cc 


Power Supply Current 




100 


mA 


Outputs Open 


Pd 


Power Dissipation 




550 


mW 


Outputs Open 


V|HEX 


External Clock Input HIGH Voltage 


2.4 


5.8 


V 




ViuHex 


External Clock Input LOW Voltage 


-0.3 


0.6 


V 




'hex 


External Clock Input HIGH Current 




100 


^A 


V,HEx-2,4V 


kex 


External Clock Input LOW Current 




-100 


liA 


V|LEX = 0.6V 


V,H 


Input HIGH Voltage 


2.0 


5.8 


V 




V(t 


Input LOW Voltage 


-0.3 


0,8 


V 




i|H 


Input HIGH Current (Except Open-Drain 
and DIrect-Bfive I/O Ports) 




100 


HA 


V|H = 2.4V, Internal Pull-Up 


l|L 


Input LOW Current (Except Open-Drain 
and Direct-Drive Ports) 




-1.6 


mA 


V,L=0.4V 


'lod 


Leakage Current (Open-Drain Ports) 




±10 


mA 


Pull-Down, Device Off, Voh = 13.2 V 


•oh 


Output HIGH Current (Except 
Open-Drain and Direct-Drive Ports) 


-100 




mA 


VoH'»2.4V 


'OHDD 


Output Drive Current (Direct-Drive Ports) 


-1.5 


-8.0 


mA 


VoH = 0.7 V to 1.5 V 


Jql 


Output LOW Current 


1.8 




mA 


Vol = 0.4 V 


'OHS 


Output HIGH Current (STROBE Output) 


-300 




M 


VoH = 2.4V 


'OLS 


Output LOW Current (STROBE Output) 


5.0 




mA 


Vol = 0.4 V 
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Ordering Information 



Order Code 


Pacltage 


Temperature Range* 


F3870DC 


Ceramic 


C 


F3870DL 


Ceramic 


L 


F3870DM 


Ceramic 


M 


F3870PC 


Plastic 


C 


F3870PL 


Plastic 


L 


F3870PM 


Plastic 


M 



*C=! Commercial Temperature Range O'C to + 70 'C 
Lss Limited temperature Range -t40'C to +85'C 
M s= Military Temperature Range - 55'C to + 125'C 
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F3870A/F3870B 
High-Speed Single-Chip 
IVIicrocomputer 

Advance Product Information Microprocessor Product 

Description 

The Fairchild F3870A and F3870B are advancements in the 
F3870 series of single-chip microcomputers. The F3870A 
and F3870B offer higher Instruction execution speed, 
thereby improving the throughput of the microcomputer. 

• Fully Hardware- and Software- Compatible with the 
F3870 Series of Microcomputers 

• The F3870A Offers An Instruction Cycle Time of 1.33 
pisec, and the F3870B Cycle Time is 1 /isec. 

• Mask Option Internal Clock Divider 

Clock Crystal Frequency 

Without With Cycle 

Unit Internal -^2 Internal h-2 Time 

F3870 - 4 MHz 2^8 

F3870A 3 MHz 6 MHz 1.33^8 

F3870B 4 MHz 8 MHz 1 mS 

For additional information, see the F3870 data sheet 
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F38C70 

Single-Chip 

IVIicrocomputer 

IVIicroprocessor Product 



Description 

The Fairchild F38C70 8-bit single-chip microcomputer is a 
member of the F387X series; it executes all of the F8 
instruction set and is software-compatible with the F3870. 
Additional power-save instructions provide two different 
power-save modes. 

Implemented in Ion-implanted CMOS doublepoly silicon- 
gate technology, the F38C70 offers maximum cost effec- 
tiveness in a wide range of applications requiring very low 
power consumption. 

More than 70 commands of the F8 instruction set are 
executed by the single-chip microcomputer, which features 
2048 bytes of ROM, 64 bytes of scratchpad RAM, a pro- 
grammable timer, 32 bits of I/O, and a single -h5 V 
power supply. 



Connection Diagram 
40-Pln DIP 



Single CMOS Integrated Circuit 

Software-Compatible with F8 and F3870 

2048-Byte Masl( Programmable ROM 

64-Byte Scratchpad RAM 

32-Bit I/O with Four Options 

8-Bit Programmable Timer with 16-Bit 

Programmable Prescaler 

External Interrupt 

Crystal, LC, RC, or External Clock 

Single -h 5 V (±10%) Power Supply 

Power-Save (PS) and Power-Save All (PSA) 

Modes 

Option for all Short Machine Cycles 

Direct Replacement for F3870 

Low Power (50 mW typ., 5 mW in PS mode, 

0.5 mW in PSA mode) 



"V^ 



Vcc 

;;;il RESET 

I EXT INT 

I pTo 
I FT, 



ZIpso 

P5T 
13 P5^ 

P5-3 

13 P5^ 
P57 
PIT 

ZJ P15/A0 

^Pl4/Ai 
TEST 



(Top View) 



Signal Functions 



PORT 
ADDRESS 



STROBE 
TEST 



XTLi 
XTL2 

POo 
PO1 
PO2 
PO3 
PO4 

PQe 
PO7 



STROBE 
TEST 



P4o 
P4i 
P42 
P43 
P44 

P45 
P46 
PAj 

P5o 
P5i 
P52 
P53 
P54 
P55 
P56 
P57 

EXT INT 
RESET 

Vcc 
Vss 



INTERRUPT/ 
RESET 
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Figure 1 Block Diagram 
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Main Control Logic 

The instruction register (IR) receives the operation code 
(OP code) of the instruction to be executed fronn the pro- 
gram ROM through the data bus. Eight bits are latched into 
the IR during ail OP code fetches. Some instructions are 
completely specified by the upper four bits of the OP code; 
in these instructions, the lower four bits are an immediate 
register address or an immediate 4-bit operand. Once latch- 
ed into the IR, the main control logic decodes the instruc- 
tion and provides the necessary control gating signals to all 
circuit elements. 

ROM Address Registers 

Four 12-bit registers are associated with the program ROM: 
program counter PO, stack register P, data counter DCO, 
and auxiliary data counter DC1. The program counter is us- 
ed to address instructions or immediate operands; the 
stack register is used to save the contents of PO during an 
interrupt or subroutine call. Thus, P contains the return ad- 
dress at which processing is to resume upon completion of 
the subroutine or the interrupt routine. 

The data counter is used to address data tables. This 
register Is autoincrementing. Of the two data counters, only 
poo can access the ROM; however, the XDC instruction 
allows DCO and DC1 to be exchanged. 

Associated with the address registers is a 12-bit adder/ 
Incremented This logic element is used to increment PO 
or DC when required and to add displacements to PO on 
relative branches or to add the data bus contents to DCO in 
the add data counter (ADC) instruction. 

Program ROM 

The microcomputer program and data constants are stored 
in the 2048 X 8 byte program ROM. When a ROM access Is 
required, the appropriate address register (PO or DCO) is 
gated onto the ROM address bus and the ROM output Is 
gated onto the main data bus. The first byte in the ROM is 
location zero. 

Scratchpad and ISAR 

The scratchpad provides 64 8-bit registers that can be used 
as general purpose RAM memory. The indirect scratchpad 
address register (ISAR) is a 6-bit register used to address 
the 64 registers. All 64 registers can be accessed using the 
ISAR. In addition, the lower order 12 registers can also be 
directly addressed. 



contiguous scratchpad bytes. For example, when the low- 
order octal digit is incremented or decremented, the ISAR 
is incremented from octal 27 (0'27) to 0'20' or Is 
decremented from 0'20' to 0'27'. This feature of the ISAR is 
very useful in many program sequences. 

All six bits of the ISAR can be loaded at one time, or either 
half can be loaded independently. 

The decimal scratchpad registers (9 through 15) are given 
mnemonic names (J, H, K, and Q) because of special 
linkages between these and other registers, such as the 
stack register. These special linkages simplify the perfor- 
mance of multi-level interrupts and subroutine nesting. For 
example, the instruction LR K,P stores the lower eight bits 
of the stack register into register 13 (K lower, or KL) and 
stores the upper three bits of P into register 12 
(K upper, or KU). 

Arithmetic and Logic Unit (ALU) 

After receiving commands from the main control logic, the 
ALU performs the required arithmetic or logic operations 
(using the data presented on the two input buses) and pro- 
vides the result on the result bus. The arithmetic operations 
performed in the ALU are binary add, decimal adjust, add 
with carry, decrement, and increment. The logic operations 
performed are AND, OR, excluslve-OR, ones complement, 
shift right, and shift left. The ALU also provides four signals 
presenting the status of the result. These signals, stored in 
status register W, represent the carry, overflow, sign, and 
zero condition of the operation. 

Accumulator 

The accumulator (ACC) is the prinicpal register for data 
manipulation within the F38C70. The ACC serves as one in- 
put to the ALU for arithmetic or logic operations; the 
results of ALU operations are stored in the ACQ. 

Status Register 

The status (W) register holds five status flags; 

4 3 2 10 BIT NO. SUMMARY OF STATUS BITS 



1_ 



SIGN 

CARRY 

ZERO 



OVERFLOWS CARRY/ » CARRYg 

ZERO =ALU7ARra6AALD5AAC04A 

ALU3 A SCUa A ACOi a ALUo 
CARRY = CARRY7 

SIGN = ALUt 



- OVERFLOW 

- INTERRUPT CONTROL BIT 



The ISAR can be visualized as holding two octal digits. This 
division of the ISAR Is Important, since a number of instruc- 
tions increment or decrement only the least significant 
three bits of the ISAR when referencing scratchpad bytes 
through the ISAR. This simplifies referencing a buffer of 
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Interrupt Control Bit 

The interrupt control bit (ICB) is used to allow or disallow 
interrupts in the F38C70. (This bit is not the same as the 
two interrupt enable bits in the interrupt control port.) If the 
ICB is set and the F38C70 interrupt logic communicates an 
interrupt request to the CPU section, the interrupt is 
acl<nowledged and processed upon completion of the first 
non-privileged instruction. If the ICB is cleared, an interrupt 
request is not acknowledged or processed until the ICB is 
set again. 



An output ready strobe is associated with port 4. This flag 
is used to signal a peripheral device that the F38C70 has 
just completed an output of new data to port 4. Because 
the strobe provides a single low pulse shortly after the out- 
put operation is complete, either edge can be used to 
signal the peripheral. The STROBE signal is also used to re- 
quest new input information from a peripheral by perform- 
ing a dummy output of H'OO' to port 4 after completing the 
input operation. 



I/O Ports 

The F38C70 provides four complete bidirectional input/out- 
put ports: 0, 1, 4, and 5. In addition, the interrupt control 
port is addressed as port 6, and the binary tinner is address- 
ed as port 7. Ports 8 and 9 are the 1^-bit holding register for 
the timer prescaler. 

An output instruction (OUT or OUTS) causes the contents 
of the ACC to be latched into the addressed port. An input 
instruction (IN or INS) transfers the contents of the port to 
the ACC (port 6, an exception, is described in the "Timer 
and Interrupt Control Port") section. The I/O buffers on the 
F38C70 are logically inverted. 



Four output drive options are available for the F38C70 I/O 
ports. Individual bits of the four I/O ports are configured as 

1. Open drain 

2. CMOS 3-state push-pull buffer 

3. TTL-compatible 

4. CMOS push-pull buffer 

For the 3-state push-pull buffer, the I/O pin goes 3-state 
when executing an INS instruction to that port and remains 
in 3-state until an OUTS instruction is executed to that port. 



Figure 2. Timer and Interrupt Control Port Block Diagram 
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Timer and Interrupt Control Port 

The timer is an 8-bit binary down counter that is software- 
programmable to operate in one of three modes: interval 
timer, pulse width measurement, or event counter. As 
shown in figure 2, an 8-bit register (interrupt control port), a 
programmable 16-bit prescaler, and an 8-bit modulo-N 
register are associated with the timer. 

The timer mode, prescale value, timer start and stop, active 
level of the EXT INT pin, and interrupt local enable/disable 
are selected by the proper bit configuration output from the 
accumulator to interrupt control port 6 with an OUT or 
OUTS instruction. Bits within the interrupt control port are 
defined as follows: 

Bit = External interrupt enable 
Bit 1 = Timer Interrupt enable 
Bit 2 = EXT INT active level 
Bit 3 = Start/stop timer 
Bit 4 = Pulse width/internal timer 
Bit 5 = -^2 Prescaler control 
Bit 6 = -^5 Prescaler control 
Bit 7 = -r 20 Prescaler control 

Timer 

The F38C70 timer, like the F3870, is an 8-bit programmable 
down counter. However, the F38C70 has two additional 8-bit 
registers (ports 8 and 9) that can be accessed by output in- 
structions. These registers can be used to generate very 
long interval timer interrupts or any desired prescaler value. 

A special situation exists when reading the interrupt control 
port with an IN or INS instruction). The accumulator is not 
loaded with the content of the ICP; instead, accumlator bits 
through 6 are loaded with zeros, and bit 7 is loaded with 
the logic level being applied to the EXT INT pin. Thus, the 
status of EXT INT can be determined without needing to 
service an external Interrupt request. This capability is 
useful in establishing a high-speed polled handshake pro- 
cedure or for using EXT INT as an extra input pin if external 
interrupts are not required and the timer is used only in the 
interval timer mode. 

The rate at which the timer is clocked in the interval timer 
mode is determined by the frequency of an internal <D clock 
and by the division value selected for the prescaler. (The in- 
ternal <J) clock operates at one-half the external time base 
frequency.) Assuming ports 8 and 9 have been loaded with 
zeros, if ICP bit 5 is set and bits 6 and 7 are cleared, the 
prescaler divides <D by two. In the same manner, if bit 6 or 7 
is Individually set, the prescaler divides by 5 or 20, 
respectively. Combinations of bits 5, 6, and 7 may also be 
selected. For example, if bits 5 and 7 are set, while 6 is 
cleared, the prescaler will divide by 40. Thus, possible 



prescaler values are h-2, -h5, -^10, -^- 20, -5- 40, -^100, and 
-^200. If bits 5, 6, and 7 of the interrupt control port are set, 
and the contents of either of the two prescaler registers are 
not zero, the timer uses the value that is held in the two 
registers as a 16-bit prescaler value. 

Any of three conditions will cause the prescaler to be reset: 

1. When the timer is stopped by clearing ICP bit 3 

2. When an output instruction to port 7 (the timer is 
assigned Port Address 7) is executed 

3. On the trailing edge transition of the EXT INT pin 
when in the pulse width measurement mode 

An OUT or OUTS instruction to port 7 loads the contents of 
the accumulator to both the timer and the 8-bit modulo-N 
register, resets the prescaler, and clears any previously 
stored timer interrupt request. The timer is an 8-bit down- 
counter clocked by the prescaler in both the interval timer 
mode and the pulse width measurement mode. The 
prescaler is not used in the event counter mode. The 
modulo-N register is used as a buffer in all three timer 
modes. Its function is to save the value that was most 
recently output to port 7. 

Interval Timer Mode 

When ICP bit 4 is cleared (logic 0) and at least one prescale 
bit is set, the timer operates In the interval timer mode. 
When bit 3 of the ICP is set, the timer starts counting down 
from the modulo-N value. After counting down to H'01', the 
timer returns to the modulo-N value at the next count. On 
the transition from H'01' to H'N', the timer sets a timer In- 
terrupt request latch. Note that the interrupt request latch 
is set by the transition of H'N' in the timer, thus allowing a 
full 256 counts if the modulo-N register is preset to H'OO'. 

if bit 1 of the ICP is set, the interrupt request Is passed on 
to the CPU section of the F38C70. However, if bit 1 of the 
ICP is a logic 0, the interrupt request is not passed on the 
the CPU section, although the interrupt request latch re- 
mains set. If ICP bit 1 is subsequently set, the interrupt 
request is then passed on to the CPU section. (The inter- 
rupt request is acknowledged by the CPU section only if 
ICB is set.) Only two events reset the timer interrupt re- 
quest latch: the timer interrupt request is acknowledged by 
the CPU section, or a new load of the modulo-N register 
is performed. 

If the modulo-N register is loaded with H'64' (decimal 100), 
the timer interrupt request latch is set at the 100th count 
following the timer start and the latch is repeatedly set on 
precise 100-count intervals. If the prescaler Is set at -^40, 
the timer interrupt request latch is set every 4000 clock 
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periods. For a 2-mHz clock (4-mHz time base frequency), 
this produces 2 ms intervals. 

If ports 8 and 9 are loaded with zeros, the range of possible 
intervals is from 2 to 51,200 clock periods (1 fis to 25.6 
ms for a 2-mHz <D clock). However, approximately 50 <D 
periods is a practical minimum, because the time between 
setting the interrupt request latch and the execution of the 
first instruction of the interrupt service routine is at least 
29 <t) periods (the response time is dependent on how many 
privileged instructions are encountered when the 
request occurs). 

To establish time Intervals greater than 51,200 clock 
periods, the 16-bit prescaler or the timer interrupt service 
routine can be used to count the number of interrupts, sav- 
ing the result in one or more of the scratchpad registers un- 
til the desired interval is achieved. Virtually any time 
interval, or several time intervals, can be generated using 
this technique. 

The timer is read at any time and in any mode, using an in- 
put instruction (IN 7 or INS 7), and can take place "on-the- 
fly" without Interfering in normal timer operation. Also, the 
timer can be stopped at any time by clearing bit 3 of the 
ICP. The timer holds its current contents indefinitely and 
resumes counting when bit 3 is set again. The prescaler is 
reset whenever the timer is stopped; thus, a series of 
starting and stopping results in a cumulative 
truncation error. 

For a free-running timer in the interval timer mode, the time 
Interval between any two interrupt requests can be in error 
by ± 6 clock periods, although the cumulative error over 
many inten/als is zero. The prescaler and timer generate 
precise intervals for setting the timer interrupt request 
latch, but the time out can occur at any time within a 
machine cycle. (There are two machine cycle types: short, 
which consist of 4 clock periods, and long, which consist 
of 6 clock periods.) The Fairchild multi-chip F8 family has 
a write clock signal that corresponds to a machine cycle. 
Interrupt requests are synchronized with the internal write 
clock, thus providing the possible ±60 error. Additional 
errors may arise if the interrupt request occurs while a 
privileged instruction or multi-cycle instruction is being 
executed. Nevertheless, for most applications, all the above 
errors are negligible, especially if the desired time interval 
is greater than one ms. 

Pulse Width Measurement Mode 

When ICP bit 4 is set (logic 1) and at least one prescale bit 
is set, the timer operates in the pulse width measurement 
mode. This hriode is used to accurately measure the dura- 
tion of a pulse applied to the EXT INT pin. The timer is 
stopped and the prescaler is reset whenever EXT INT is at 



its inactive level. The active level of EXT INT is defined by 
ICP bit 2: if cleared, EXT INT is active low; if set, EXT INT is 
active high. 

If ICP bit 3 is set, the prescaler and timer start counting 
when EXT INT transfers to the active level. When EXT INT 
returns to the inactive level, the timer stops, the prescaler 
resets, and, if ICP bit is aet, an external interrupt request 
latch is set. (Unlike timer interrupts, external interrupts are 
not latched if the ICP interrupt enable bit Is not set.) 

As in the Interval timer mode, the timer can be read at any 
time and can be stopped at any time by clearing ICP bit 3 
(the prescaler and ICP bit 1 function as described in the in- 
terval timer mode section). The timer still functions as an 
8-bit binary down counter with the interrupt request latch 
set on the timer's transition from H'01' to H'N' (modulo-N 
value). Note that the EXT INT pin has nothing to do with 
loading the timer; its action Is that of automatically starting 
and stopping the timer and of generating external inter- 
rupts. Pulse widths longer than the prescale value times the 
modulo-N value are easily measured by using the timer in- 
terrupt service routine to store the number of timer 
interrupts in one or more scratchpad registers. 

The actual pulse duration is typically slightly longer than 
the measured value, because the prescaler status is not 
readable and is reset when the timer is stopped. Thus, for 
maximum accuracy, it is advisable to use a small 
division setting for the prescaler. 

Event Counter Mode 

When ICP bit 4 is cleared and ail prescale bits (ICP bits 5, 
6, and 7) are cleared, the timer operates in the event 
counter mode. This mode Is used for counting pulses ap- 
plied to the EXT INT pin. If ICP bit 3 is set, the timer will 
decrement on each transition from the inactive level to the 
active level of the EXT INT pin. The prescaler is not used in 
this mode. As in the other two timer modes, the timer can 
be read at any time and can be stopped at any time by 
clearing ICP bit 3, ICP bit 1 functions as previously describ- 
ed, and the timer interrupt request latch is set on the 
timer's transition from H'01' to H'N' (modulo-N value). 

Normally, ICP bit should be kept cleared in the event 
counter mode; otherwise, external interrupts are generated 
on the transition from the inactive level to the active level 
of the EXT INT pin. 

For the event counter mode, the minimum pulse width re- 
quired on EXT INT Is 2 clock periods and the minimum 
inactive time is 2 clock periods; therefore, the maximum 
repetition rate is 500 Hz. 
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External Interrupts 

When the timer is in the interval timer mode, the EXT INT 
pin is available for non-timer related interrupts. If ICP bit 
is set,- an external interrupt request latch is set for a transi- 
tion from the inactive level to the active level of EXT INT. 
(The EXT INT signal is an edge-triggered input.) The inter- 
rupt request is latched either until acknowledged by the 
CPU section or until ICP bit is cleared (unlike timer inter- 
rupt requests that remain latched even when ICP bit 1 is 
cleared). 

External interrupts are handled In the same fashion when 
the timer is in the pulse width measurement mode or in the 
event counter mode, except that when in the pulse width 
measurement mode, the external interrupt request latch is 
set on the trailing edge of EXT INT (that is, on the transi- 
tion from the active level to the inactive level). 

Interrupt Handling 

When either a timer or an external interrupt request is com- 
municated to the CPU section of the F38C70, it is 
acknowledged and processed at the completion of the first 
non-privileged Instruction if the interrupt control bit of the 
status register is set. If the interrupt control bit is not set, 
the interrupt request continues either until the interrupt 
control bit is set and the CPU section acknowledges the in- 
terrupt or until the interrupt request is cleared (as previous- 
ly described). 



The power-on clear circuitry contains on-chip sensors to 
monitor various conditions. The following conditions must 
be satisfied before the power-reset sequence is allowed 
to start: 

1. Supply voltage must be above a certain value, 
typically -i-3 V to +4 V. 

2. The clocks of the device must be functioning. 

3. The substrate bias must reach a certain level. 

All three conditions must be met before the power-on clear 
circuitry initiates a reset cycle. However, these conditions I 
can be satisfied even with a supply voltage of as low as 3 
volts. The latest versions of the F38C70 have a modified 
delay circuit that gives a typical delay of 500 /^s (with a 4 
mHz crystal) after the above conditions are met. This is an 
improvement over the earlier F38C70 versions. 

Since the F38C70 is only guaranteed to operate at a supply 
voltage of 4.5 V or greater, the user must ensure that the 
supply voltage is at least 4.5 V when the F38C70 initiates 
the reset cycle. For power supplies having a slow rise time, 
an external RC network can be converted to the external 
reset input of the F38C70 to hold the device in a reset state 
long enough to allow the power supply to reach a voltage 
of 4.5 V. For example: 




If a timer interrupt request and an external interrupt request 
occur simultaneously, when the CPU section starts to pro- 
cess the requests, the timer interrupt is 
handled first. 

When an interrupt is allowed, the CPU section requests 
that the interrupting element pass its interrupt vector ad- 
dress to the program counter through the data bus. The 
vector address for a timer interrupt is H'020'. The vector ad- 
dress for external interrupts is H'OAO'. After the vector ad- 
dress Is passed to the program counter, the CPU section 
sends an acknowledge signal to the appropriate interrupt 
request latch, which clears that latch. The interrupt service 
routine executes; the return address of the original program 
is automatically stored in stack 
register P. 

Power-On Clear 

The F38C70 contains power-on clear circuitry to 
automatically reset the internal logic following the applica- 
tion of external power. Since many variations of power sup- 
ply circuitry exist, Fairchild cannot guarantee that the 
power-on clear will operate under every power-up condition. 




External Reset 

When the RESET signal is taken low, the contents of the 
program counter are pushed to the stack register and the 
program counter and the ICB of the status register are 
cleared. The original stack register contents are lost. As 
with power-on clear, ports 4, 5, 6, and 7 are loaded with 
H'OO'. The contents of all other registers and ports are un- 
changed. When the RESET signal is taken high, the first 
program instruction is fetched from ROM location H'OOOO'. 



4-35 



F38C70 



Figure 3 Clock Configurations 



XTL2 



AT CUT 1 - 4 MHz 



OPEN EXTERNAL 
CLOCK 



Vcc 



XTL2 



Cexternal 
(OPTIONAL-CAN 
BE OMITTED) 



XTLi 



XTL2 



L_He— i 
Cexternal (OPTIONAL) 



Minimurti R = 4kQ 

C :^ 20.5 pF ± 2.5 pF + Cexternal 
1 



1.1 RC + 65ns 

1 

' 1.0 RC+ 15 ns 



Example with Cexternal = 

R=15kfi±5% 

f s 2.9 MHz ±26% 

Minimum L = 0.1 mH 
Minimum Q = 40 

Maximum Cexternal = 30 pF 
f = 3.0 MHz ±10% 



C= 10 pF ±1. 3 pF + Cexternal 

1 
"27rVLC 

Example with Cexternal = 
1 = 0.3 mH± 10% 



Test Logic 

Special test logic is implemented to allow access to the in- 
ternal main data bus for test purposes. In normal operation, 
the TEST pin must be connected to ground. When the TEST 
signal is set to Vpp, port 4 becomes an output of the inter- 
nal data bus and port 5 becomes a wired-OR input to the in- 
ternal data bus. The data appearing on the port 4 pins is 
logically true, whereas input data forced on port 5 must be 
logically false. When the TEST signal is set to one-half the 
level of Vqc (Vqc^^), the ports act as above and the 2K X 8 
program ROM is prevented from driving the data bus. In 
this mode, operands and instructions are forced externally 
through port 5 instead of being accessed from the program 
ROM. When the TEST signal is in either the Vdd/2 or the 
high state, the STROBE signal ceases its normal function 
and becomes a cycle clock (identical to the F8 multi-chip 
system write clock, except inverted). 



The TEST pin capabilities are impractical for user applica- 
tions because of timing complexities; however these 
capabilities are sufficient to enable Fairchild to implement 
rapid methods for thoroughly testing the F38C70. 

Clocks 

The time bases for the F38C70 originate from one of four 
external sources by mask options. These four configura- 
tions are illustrated in figure 3. External capacitors are not 
required. In all external clock modes, the external time base 
frequency is divided by two to form the Internal <t) clock. 
The selection of clock configurations is by mask options. 
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Figure 4 F38C70 Programmable Registers and Ports 
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Figure 5 PS instruction 



PS INSTRUCTION 
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Figure 6 PSA instruction 
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DISABLED 
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Instruction Set 

The F38C70 executes the entire instruction set of the F3870 
family. In addition, two instructions exclusive to the F38C70 
allow the F38C70 to further reduce its power consumption 
by entering into one of two power-save modes. 

A summary of programmable registers and ports is shown 
in Figure 4. Table 1 lists the F38C70 instruction set and 
F8-compatible instructions. 

Power-Save Mode 

When the power-save instruction (mnemonic PS, OP code 
2D) is executed, the F38C70 halts all its operations except 
the timer and interrupts. The microcomputer is returned to 
the operating status by an external reset, an external inter- 
rupt, or a timer interrupt (as the timer is timed out). 

Table 1 F38C70 Instruction Set and FSCompatible Instructions 

Accumulator Group Instructions 



Power-Save All Mode 

When the power-save all instruction (mnemonic PSA, Op 
code 2F) is executed, the F38C70 halts all its operations 
and goes into a power-save mode (refer to Figures 5 and 6). 
The microcomputer is returned to the previous operating 
status by an external reset or an external interrupt. Both the 
timer and prescaler are reset when PSA is executed, except 
in the event counter mode. 

In returning from either power-save mode, the microcom- 
puter exercises the interrupt routine or continues with the 
next instruction, depending on whether the interrupt is 
enabled. 

If the return is by an external reset, the microcomputer 
restarts from the reset mode. 






Mnemonic 






Machine 






Status Bits 


Operation 


OP Code 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Add Carry 


LNK 




ACC - (ACC) + CRY 


19 


1 


1 


1/0 1/0 1/0 1/0 


Add Immediate 


Al 


ii 


ACC ^ (ACC) H 'ii' 


241 i 


2 


2.5 


1/0 1/0 1/0 1/0 


And Immediate 


Nl 


ii 


ACC -* (ACC) H 'Ii' 


2111 


2 


2.5 


1/0 1/0 


Clear 


CLR 




ACC - H'OO' 


70 


1 


1 




Compare Immediate 


CI 


ii 


H 'ii' 


251 i 


2 


2.5 


1/0 1/0 1/0 1/0 


Complement 


COM 




ACC -* (ACC) ©H'FF' 


18 


1 


1 


1/0 1/0 


Exclusive or 


XI 


ii 


ACC -* (ACC) © H ii 


23 ii 


2 


2.5 


1/0 1/0 


Immediate 
















Increment 


INC 




ACC - (ACC) + 1 


IF 


1 


1 


1/0 1/0 1/0 1/0 


Load Immediate 


LI 


ii 


ACC -* H 'ii' 


20 ii 


2 


2.5 


_ _ _ _- 


Load Immediate Short 


LIS 


1 


ACC -* H'Oi' 


71 


1 


1 


_ _ _ _ 


Or Immediate 


01 


ii 


ACC ^ (ACC) V H 'ii' 


2211 


2 


2.5 


1/0 1/0 


Shift Left One 


SL 


1 


Shift Left 1 


13 


1 


1 


1/0 1/0 


Shift Left Four 


SL 


4 


Shift Left 4 


15 


1 


1 


1/0 1/0 


Shift Right One 


SR 


1 


Shift Right 1 


12 


1 


1 


1/0 1/0 


Shift Right Four 


SR 


4 


Shift Right 4 


14 


1 


1 


1/0 1/0 
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Table 1 F38C70 Instruction Set and F8-Compatlble Instructions (Continued) 

Branch Instructions (In all conditional branches, PO (PO) + 2 if the test conditions are not met. 
Execution is complete in 30 cycles.) 





Mnemonic 






Machine 






Status Bits 


Operation 


OP Code 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Branch on Carry 


BC 


aa 


PO^[(PO) + 1] + H'aa'if 
CRY = 1 


82 aa 


2 


3.5 


- - - - 


Branch on Positive 


BP 


aa 


PO^ [(PO) + 1] + H'aa' if 


81 aa 


2 


3.5 


_____ 


Branch on Zero 


BZ 


aa 


PO -* I(PO) + 1] + H'aa' if 
Zero = 1 


84aa 


2 


3.5 


— — — — 


Branch on True 


BT 


t,aa 


PO *- [(PO) + 1] + H'aa' if 
















any test is true 


8taa 


2 


3.5 





1 . TEST CONDITION 



22 


2' 


20 


ZERO 


CRY 


SIGN 



Branch if Negative 
Branch if No Carry 
Branch if No Overflow 
Branch if Not Zero 
Branch if False Test 



BM 


aa 


BNC 


aa 


BNO 


aa 


BNZ 


aa 


BF 


t.aa 



PO *- [(PO) + 1] + H'aa' if 

Sign = 

PO *- [(PO) + 1] + H'aa' if 

Carry # 

PO^[(PO)i + 1] + H'aa'if 

OVF = 

PO *- [(PO) + 1] + H'aa' if 

Zero = 

PO - [(PO) + 1] + H'aa' if all 

false test bits 



91 aa 

92 aa 
98 aa 
94 aa 
9t aa 



2 


3.5 


2 


3.5 


2 


3.5 


2 


3.5 


2 


3.5 



1 


= TEST CONDITION 


2' 


2^ 


2» 


20 


OVF 


ZERO 


CRY 


SIGN 



Branch If 
ISAR(Lower)7 



Branch Relative 
Jump* 



BR7 



BR 
JMP 



PCH- [(P0)+1]+H'aa' if ISARL 
= 7 

PO - (PO) + 2 if ISARL = 7 
PO - [(PO) + 1] + H'aa' 
PO ^ H'aaa' 



8Faa 

2.0 
90 aa 
29 aaa 



2.5 



3.5 
5.5 



* Privileged instruction 



Note 



JMP and PI change accunnulator contents to the high byte address. 
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Table 1 F38C70 Instruction Set and F8-Compatible Instructions (Continued) 



Memory Reference Instructions (In all memory reference Instructions, the data counter is incremented DC^DC — 1.; 





Mnemonic 






Machine 






Status Bits 


Operation 


OP Code 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Add Binary 


AM 




ACC-(ACC) + [(DC)] 


88 




2.5 


1/0 1/0 1/0 1/0 


Add Decimal 


AMD 




ACC-(ACC) + [(DC)] 


89 




2.5 


1/0 1/0 1/0 1/0 


AND 


NM 




ACC*-(ACC)A[(DC)] 


8A 




2.5 


1/0 1/0 


COMPARE 


CM 




[(DC)] + (ACC) + 1 


8D 




2.5 


1/0 1/0 1/0 1/0 


EXCLUSIVE OR 


XM 




ACC-(ACC) e [(DC)] 


8C 




2.5 


1/0 1/0 


LOAD 


LM 




ACC-[(DC)] 


16 




2.5 


_ _ _ — 


LOGICAL OR 


OM 




ACC-(ACC) v[(DC)] 


8B 




2.5 


1/0 1/0 


STORE 


ST 




(DC)^(ACC) 


17 




2.5 


— — — — 




Address Register Group Instructions 





Mnemonic 






Machine 






Status Bits 


Operation 


OP Code 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Add to Data Counter 


ADC 




DC^(DC) + (ACC) 


8E 


1 


2.5 





Call to Subroutine 


PK 




P^(PO)0POU^(r12) + 
PL-(r13) 


DC 


1 


4 


— —_ — — 


Call to Subroutine 


PI 


aaaa 


P*-(P)PO^H'aaaa' t 


28aaaa 


3 


6.5 





Immediate 
















Exchange DC 


XDC 




DCI DCI 


2C 




2 





Load Data Counter 


LR 


DC,Q 


DCU-(r14), DCL-(r15) 


OF 




4 





Load Data Counter 


LR 


DC,H 


DCU-(rlO), DCL-(rll) 


10 




4 





Load DC Immediate 


DCI 


aaaa 


DC -^H 'aaaa' 


2Aaaaa 


3 


6 





Load Program Counter 


LR 


PO,Q 


P0U-(r14), P0L-(r15) 


OD 




4 





Load Stack Register 


LR 


P,K 


PU-(r12), PL-(r13) 


09 




4 





Return From 


POP 




PO\P 


1C 




2 





Subroutine 
















Store Data Counter 


LR 


Q,DC 


r14^(DCU), r15-(DCL) 


OE 




4 





Store Data Counter 


LR 


H,DC 


rlO-(DCU), rll-(DCL) 


11 




4 





Store Stack Register 


LR 


K,P 


r12*-(PU), r13*-P 


08 




4 


— — — — 



4-41 



F38C70 



Table 1 F38C70 Instruction Set and F8-Compatible Instructions (Continued) 



Scratchpad Register Instructions (refer to scratchpad addressing modes.) ' 





Mnemonic 






Machine 






Status Bits 


Operation 


OP Code 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Add Binary 


AS 


r 


ACC(ACC) + (r) 


Cr 




1 


1/0 1/0 1/0 1/0 


Add Decinnai 


ASD 


r 


ACC*-(ACC) + (r) 


Dr 




2 


1/0 1/0 1/0 1/0 


Decrennent 


DS 


r 


r-(r) 4- H'FF' 


3r 




1.5 


1/0 1/0 1/0 1/0 


Load 


LR 


A,r 


ACC^(r) 


4r 






_ _ ^ _ 


Load 


LR 


A,KU 


AC*-(r12) 


00 









Load 


LR 


A,KL 


ACC^(r13) 


01 









Load 


LR 


A,QU 


ACC^(r14) 


02 






_ _ _ — 


Load 


LR 


A,QL 


ACC^nS) 


03 






■' 


Load 


LR 


r,A 


r-(ACC) 


5r 









Load 


LR 


KU,A 


r12MACC) 


04 









Load 


LR 


KL,A 


r13*-(ACC) 


05 






______ 


Load 


LR 


QU,A 


r14*-(ACC) 


06 






; 


Load 


LR 


QUA 


r15-(ACC) 


07 









And 


NS 


r 


ACC^(ACC)A(r) 


Fr 






1/0 1/0 


Exclusive Or 


XS 


r 


ACC-(ACC)®(r) 


Er 






1/0 1/0 
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Table 1 F38C70 Instruction Set and F8-Compatlble Instructions (Continued) 
Miscellaneous Instructions 





Mnemonic 






Machine 






Status Bits 


Operation 


Opcode 


Operand 


Function 


Code 


Bytes 


Cycles 


OVF Zero CRY Sign 


Disable Interrupt 


Dl 




Reset ICB 


1A 




2 


, 


Enable Interrupt* 


El 




SET ICB 


18 




2 


— — — — 


Input 


IN 


aa 


ACC ^ (Input PORT aa) 


26aa 






1/0 1/0 


Input Short 


INS 


a 


ACC - (Input PORT a) 


Aa 




4*** 


1/0 1/0 


Load ISAR 


LR 


IS.A 


ISAR *- (ACC) 


OB 






— ^ — — 


Load ISAR Lower 


LISL 


a 


ISARL ^ a 


01101a** 






— . 


Load ISAR Upper 


LISU 


a 


ISARU - a 


01100** 




1 


_—. — — — 


Load statu3register 


LR 


W.J 


W - (r9) 


ID 






1/0 1/0 1/0 1/0 


No-Operation 


Nop 




PO *- (PO) + 1 


2B 






. _- ^ ^ «- 


OUTPUT 


OUT 


aa 


OUTPUT PORT aa - (ACC) 


27 aa 






— — — ^ 


OUTPUT Short 


OUTS 


a 


OUTPUT PORT a - (ACC) 


Ba 




4*** 


— . ^- - — — 


Store ISAR 


LR 


A.15 


ACC - (ISAR) 


OA 






— — — — 


Store Status Reg 


LR 


J.W 


r9-(W) 


IE 






— . — — — 


Power Save 


PS 




Halt Internal Clock 


2D 




3 


— — — — 


Power Save All 


PSA 




Halt Internal Clock and Timer 


2F 




3 


— — — — 




"Privileged instruction 
•*3-bit octal digit 
• * *Two machine cycles for CPU ports 



Each lower case character represents a hexadecimal digit. 

Each cycle equals four machine clock periods. 

Lower case denotes variables specified by programmer. 

Function definitions 

-^ is replaced by 

( ) the contents of 

{•) binary ones complement of 

+ arithmetic add (binary or decimal) 

9 logical OR exclusive 

logical AND 

logical OR inclusive 
H'# hexadecimal digit 

Register Names 



J scratchpad register # 

K registers #12 and #13 

KL register #13 

KU register #12 

PO program counter 

POL least significant eight bits of program counter 

POU most significant eight bits of program counter 

P stack register 

PL least significant eight bits of program counter 

PU most significant eight bits of active stack register 

registers #14 and #15 

QL register #15 

QU register #14 

r scratchpad/register (any address through 1 1) 

W status register 

Scratchpad Addressing (Modes (Machine Code Format) 



a address variable 

A accumulator 

DC data counter (indirect address register) 

DCI data counter #1 (auxiliary data counter) 

DCL least significant eight bits of data counter addressed 

DCU most significant eight bits of data counter addressed 

H scratchpad register #10 and #1 1 

i and ii immediate operand 

ICB interrupt control bit 

IS indirect scratchpad address register 

ISAR indirect scratchpad address register 

ISARL least significant three bits of ISAR 

ISARU most significant three bits of ISAR 



r = C (hexadecimal) register addressed by ISAR (unmodified) 
r = D (hesadecimal) register addressed by ISAR, ISARL incremented 
r = E (hexadecimal) Register addressed by ISAR, ISARL decremented 
r = F (no operation performed) 

r = 0-B (hexadecimal) register through 11 addressed directly 
from the instruction 

Status Register 

no change in condition 
1/10 is set to 1 or depending on conditions 

CRY carry flag 
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Supplementary Notes 

The interrupt control bit of the status register is 
automatically reset when an interrupt request is 
acknowledged. It is then the programmer's responsibility to 
determine when ICB will again be set (by executing an El 
instruction). This action prevents an interrupt service routine 
from being interrupted, unless the programmer so desires. 

When reading the interrupt control port (port 6), bit 7 of the 
accumulator 1, loaded with the actual logic level being ap- 
plied to the EXT INT pin, regardless of the status of ICP bit 
2 (the EXT INT active level bit); that is, if EXT INT is at +6 
V, bit 7 of the accumulator is set to a logic 1, but if EXT 
INT is at Vss» the accumulator bit 7 is reset to logic 0. 

In the instruction set summary (table 1), the number of 
cycles shown are nominal machine cycles. A nominal cycle 
is defined as 4 <t» clock periods, thus requiring 2 ;js for a 
2-mHz clock frequency (4-mHz external time base frequen- 
cy). When desired, the long machine cycles can be altered 
to short machine cycles by mask option. 

The following nomenclature for register names is used for 
consistency with the assembly language mnemonics: 



F8 


F38C70 


Aegisfer 


PCo 


PO 


program counter 


PC, 


P 


stack register 


DCo 


DC 


data counter 


DC, 


DC1 


auxiliary data counter 



For the F38C70, execution ©f an INS or OUTS instruction 
requires two rriachine cycles for ports and 1, whereas 
ports 4 an 5 require four machine cycles. When an external 
reset of the F38C70 occurs, PO is stored in P and the old 
contents of P are lost. Note that an external reset is 
recognized at the start of the machine cycle and not 
necessarily at the end of an instruction. Thus, if the F38C70 
is executing a multi-cycle instruction, that instruction is not 
completed, and the contents of P, upon r«set, may not 
necessarily be the address of the instruction that would 
have been executed next. They may, for example, point to 
an immediate operand, if the reset occurred during the se- 
cond cycle of an LI or CI instruction. Additionally, several 
Instructions (JMP, PI, PK, LR, PO, Q) as well as the inter- 
rupt acknowledge sequence, modtfy PO in parts. That is, 
they alter PO by first loading one part, then the other part, 
and the entire operation t^kes more than one cycle. Should 
reset occur during this modification process, the value 
stored in P becomes part of the old PO (the not yet 
modified part), and part of the new PO (already modified 
part). Thus, care should be taken (perhaps by external 
gating) to ensure that reset does not occur at an 
undesirable time, If any significance is to be 
given to the contents of P after a reset occurs. 

If desired, the F38C70 can execute all instructions In short 
cycles via mask options to improve the execution speed of 
the device. 
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Signal Descriptions 

The F38C70 input and output signals are described in 
Table 2. 
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Table 2 F38C70 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 

XTL, 
XTLj 


1 


Clock 


The time base inputs to which a crystal (1 to 4 mHz), LC 
network, RC network, or an external single-phase clock 
is connected. 


I/O Ports 

PO0-PS7 

Pio-PS? 

P4o-P47 
P50-P57 


3, 4, 5, 
6, 19, 18 
17, 16 
37, 36, 
35, 34, 
22, 23, 
24,25 
8, 9, 10, 
11, 12, 
13, 14, 15, 
33, 32, 
31,30, 
29, 28, 
27,26 


Port Address 
Port Address 

I/O Port 
I/O Port 


The 32 ports are individually used as either TTL-compatible 
inputs or as latched outputs. 


Interrupt/Reset 

EXT INT 

RESET 


38 
39 


External 
Interrupt 

Reset 


The active state of the external interrupt signal is software 
programmable; it is also used in conjunction with the timer 
for pulse width measurement and event counting. 

This input signal is used to reset the F38C70 externally. 
When the signal is allowed to go low, the F38C70 resets. 
When subsequently allowed to go high, the F38C70 begins 
program execution at location H'OOOO'. 


Strobe 

STROBE 


7 


Strobe 


This output pin, which is normally high, provides a single 
low pulse after valid data is present on the P4o- P47 pins 
during an output instruction. 


Test 

TEST 


21 


Test 


An input signal used only in testing the F38C70. For 
normal circuit function, this pin must be connected 
to ground. 


Power 

Vss 
Vcc 


20 
40 


Ground 
Power Supply 


Common power and signal return 
Power supply input signal, + 5 ( ± 10%) V 
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DC Characteristics 

The characteristics of the F38C70 are provided In 
table 3. 

Table 3 F38C70 DC Charateristics Ta = 0*' to 70*C, Vqc = 5V ±10%, I/O Power Dissipation ^mW 



Symbol 


Parameter 


IVIin 


IVIax 


Unit 


Test Conditioris 


Ice 


Power Supply Current 




TBD 


mA 


Outputs Open 


Pd 


Power Dissipation 




TBD 


mW 


Outputs Open 


VlHEX 


External Clock Input High Voltage 


2.4 


5.8 


V 




ViLHEX 


External Clock Input Low Voltage 


-0.3 


0.6 


V 




•hex 


External Clock Input High Current 




100 


mA 


V,HEX = 2.4 V 


"lex 


External Clock Input Low Current 




-100 


mA 


ViLEx = 0.6 V 


V|H 


Input High Voltage 


2.0 


Vcc + 0.3 


V 




V|L 


Input Low Voltage 


-0.3 


0.8 


V 




l|H 


Input High Current (except 3- 
state option) 




100 


mA 


V|H = 2.4 V, internal pull-up 


l|L 


Input Low Current (except open 
drain and direct drive ports) 




-1.6 


mA 


V|L = 0.4 V 


'loo 


Leakage Current 




±10 


mA 


< V,N < Vcc 


lOH 


Output High Current (except open 
drain and direct drive ports) std. 


-100 




mA 


Vqh = 2.4 V 


Iqhdd 


Output Drive Current (push-pull) 


-1.5 


TBD 


mA 


Vqh = 0.7 V to 1.5 V 


lOL 


Output Low Current 


1.8 




mA 


Vol = 0.4 V 


bHS 


Output High Current (STROBE Output) 


-300 




mA 


Vqh = 2.4 V 


Iqls 


Output Low Current (STROBE Output) 


5.0 




mA 


Vol ^ 0.4 V 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those in- 
dicated in this data sheet, Is not implied. Exposure to the 
absolute maximum rating conditions for extended periods 
of time may affect device reliability, and exposure to 
stresses greater than those listed may cause permanent 
damage to the device. 



Ordering Information 



Temperature (Ambient) Under Bias 

Storage Temperature 

Voltage on Any Pin with Respect 

to Ground (Except Open Drain Pins) 
Power Dissipation 



OX, -I-70X 
-55-C, +150X 
-0.3 V, Vcc + 0.3 V 

1 W 



Part 


Temperature 




Number 


Package 


Range* 


F38C70DC 


Ceramic 


C 


F38C70DL 


Ceramic 


L 


F38C70DM 


Ceramic 


M 


F38C70PC 


Plastic 


C 


F38C70PL 


Plastic 


L 


F38C70PM 


Plastic 


M 



*C = Commercial Temperature Range 0°C to +70''C 
L = Limited Temperature Range -40°C to +85'C 
M = Military Temperature Range - 55°C to + 125°C 
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Single-Chip IVIicrocomputer 



Microprocessor Product 



Description 

The Fairchild single-chip microcomputer series offers a 
variety of circuits for the high-volume, cost-sensitive 
markets. The F38E70 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. The F38E70 is 
functionally identical to the F3870, except the F38E70 
has 2K bytes of EPROM in place of 2K bytes of ROM. 
The F38E70 can execute the F8 instruction set of more 
than 70 commands. The device features 2048 bytes of 
EPROM, 64 bytes of scratchpad RAM, a programmable 
binary timer, 32 bits of I/O, and a single + 5 V power 
supply requirement. 

Utilizing Fairchild's double-ion-implant, N-channel 
technology and advanced circuit design techniques, the 
single-chip F38E70 offers maximum cost-effectiveness in 
many low-to-medlum volume systems. When production 
volume requires large quantities, the transition to the 
mask-programmed F3870 is very straightforward, with no 
circuit design changes. 

• Single-Chip Microcomputer 

• Software-Compatible with F8 Family 

• 2048-Byte EPROM (F38E70-2) 

• 64-Byte Scratchpad RAM 

• 32-Bit (4-Port) TTL-Compatible I/O 

• Programmable Binary Timer 

Interval Timer Mode 

Pulse Width Measurement Mode 

Event Counter Mode 

• External Interrupt 

• Crystal, LC, RC, External, or Internal Time Base 

• Low Power (375 mW Typical) 

• Single +5V ±10% Power Supply 

• Simple EPROM Programming 



Bidirectional I/O Port 0/Address* 
Bidirectional I/O Port 1/Address* 
Bidirectional I/O Port 4/Data Out* 
Bidirectional I/O Port 5/Data In* 
Re^dy Strobe Output 

External Interrupt Input 

RESET External Reset Input 

TEST 1/Vpp Test Line/PROG Voltage Input** 

XTLi, XTL2 Time Base Input 

Vcc, GND Power Supply Lines 

*As shown in the connection diagram, some port and port 1 pins are 
address inputs for programming the F38E70 EPROM section. Ports 4 
and 5, Data Out and In, refer to the programming and test modes. 
**Caution: applying + 25 V to the Vpp pin without the presence of Vcc 
will damage the device. 



Pin Names 


POn 


-PO, 


Plo- 


-PI7 


P4n- 


-P47 


P5o- 


■P57 


STROBE 


EXT INT 



Connection Diagram 
40-Pin DIP 








xTLi[;; 


, ^ 40 


DVCC 


XTL2[^ 


2 


39 


3 RESET 


A«/POo[; 


3 


38 


H EXT INT 


A5/P01 Q 


4 


37 


3 PT0/A7 


ro,c 


5 


36 


;3pTi'a« 


P03C 


6 


35 


3 PI2/A9 


STROBE [^ 


7 


34 


Z\ PI3/A10 


p-4.1: 


8 


33 


D^o 


P4,|: 


9 


32 


JP5. 


P4.C: 


10 


31 


JP5. 


P4,i: 


11 


30 


JP53 


P4,[: 


12 


29 


JP54 


Ssc 


13 


28 


D^S 


'"L 


14 


27 


IIP56 


p-4,1: 


15 


26 


JPir 


PO'C 


16 


25 


^F7/TEST2 


A4/P0, ^ 


17 


24 


_J Ple/PROG 


AslPOs \2 


18 


23 


I]Pl5/Ao 


A2/P04 Q 


19 


22 


U PT4/A1 


GND Q 


20 


21 


3 TEST 1/Vpp 




(Top View) 



F38E70 Architecture 
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I/O PORT 1 
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PROGRAM 
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TEST1 — 
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RESET — . 


POWERON RESET 


STACK REGISTER 




XTLi _ 
XTL2 — 








CLOCK LOGIC 
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PROGRAMMABLE 
TIMER 




DATA COUNTER 1 




EXT INT — 


INTERRUPT LOGIC 




2048x8 
EPROM 




Vcc-^ 

GND— ► 










I/O PORT 4 


I/O PORT 5 






ir^ 




^i7r^ 
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Signal Functions 



EXT INT- 
DEVICE I freggr . 
CONTROL \ "^'^^^ 



XTLi 
XTL2 

Vcc 

GND 




STROBE 


POo \ 




PO1 




PO2 




FO3 


I/O PORT 


PO4 


0/ADDRESS 


PO5 




POe 




PO7 ^ 




Pio ] 




PI1 




Pia 




PI3 


I/O PORT 


PI4 


1/ADDRESS 


Pis 




Pie 




Pi/ 




P4o ] 




P4i 




P42 




P43 


I/O PORT 


P44 


4/DATA OUT 


P45 




P46 




P47 J 




P5o ] 




P5i 




P52 




P53 


I/O PORT 


P54 


5/DATA IN 


P55 




P56 




P5r 





Device Organization 

This section describes the basic functional elements of 
the F38E70 as shown in Figure 1. 

IVIain Control Logic 

The instruction register (IR) receives the operation code 
(OP code) of the instruction to be executed from the 
program EPROM via the data bus. During all OP code 
fetches, eight bits are latched into the IR. Some 
instructions are completely specified by the upper four 
bits of the OP code. In those instructions, the lower four 



bits are an immediate register address or an immediate 
4-bit operand. Once latched into the IR, the main control 
logic decodes the Instruction and provides the necessary 
control gating signals to all circuit elements. 

EPROM Address Registers 

There are four 11-bit registers associated with the 2Kx8 
EPROM. These are the program counter (PO), the stack 
register (P), the data counter (DC), and the auxiliary data 
counter (DC1). The program counter is used to address 
instructions or immediate operands. The stack register is 
used to save the contents of PO during an interrupt or 
subroutine cell. Thus, P contains the return address at 
which processing is to resume upon completion of the 
subroutine or the interrupt routine. 

The data counter (DC) is used to address data tables. 
This register is auto-incrementlng. Of the two data 
counters, only DC can access the EPROM. However, the 
XDC instruction allows DC and DC1 to be exchanged. 

Associated with the address registers is an 11-blt adder/ 
incrementer. This logic element is used to increment PO 
or DC when required, and is also used to add 
displacements to PO on relative branches or to add the 
accumulator contents to DC1 with the ADC (add data 
counter) instruction. 

2048 X 8 EPROIVl 

The microcomputer program and data constants are 
stored in the program EPROM. When an EPROM access 
is required, the appropriate address register (PO or DC) is 
gated onto the EPROM address bus and the EPROM 
output is gated onto the main data bus. The first byte in 
the EPROM is location zero. 

Scratchpad and ISAR 

The scratchpad provides 64 8-bit registers that may be 
used as general-purpose read/write data memory. The 
indirect scratchpad address register (ISAR) is a 6-bit 
register used to address the 64 registers. All 64 registers 
may be accessed using ISAR. In addition, the lower order 
12 registers may also be directly addressed. 

The ISAR can be visualized as holding two octal digits. 
This division of ISAR is important, since a number of 
instructions increment or decrement only the least 
significant three bits of ISAR when referencing 
scratchpad bytes via ISAR. This makes it easy to 
reference a buffer consisting of up to eight contiguous 
scratchpad bytes. For example, when the low-order octal 
digit is incremented or decremented, ISAR is 
incremented from 273 to 208 or is decremented from 203 
to 273. This feature of the ISAR is very useful in many 
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Fig. 1 Block Diagram 



^l — I 

A ADDER 



-NT INC. 



EPROM 
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PO, P, DC, DC1 



INDIRECT 

SCRATCHPAD 

ADDRESS 

REGISTER 



t 



SCRATCHPAD 
REGISTERS 



ACCUMULATOR 





^ 



P4o-8 
p4i-9 
P42-10 
P43-II 
P44-I2 
P4S-13 

P2le-14 

R7-I5 

gTROBl- 

PBo-33 

Ri-32 

P52-31 

R3-3O 

P54-29 

P55-28 

P56-27 

R7-26 



Pin Functions 



Pin Name 


Type 


Description 


PO0-PO7 
PI0-PI7 
P40-P47 
P50-P57 


Input/Output 


Thirty-two lines that can be individually used as either TTL-compatible inputs or as latched 
outputs. For EPROM programming, 11 lines of ports and 1 are used as address inputs 
and one line of port 1 is a program control. Port 5 is EPROM data input, and port 4 is 
EPROM output for verification. 


STROBE 


Output 


This pin, which is normally HIGH, provides a single LOW pulse after valid data is present 
on the P4o-P47 pins during an output instruction. 


RESET 


Input 


RESET may be used to externally reset the F38E70. When pulled LOW, the F38E70 resets. 
When then allowed to go HIGH, the F38E70 begins program execution at the program 
location H '0000'. RESET is held LOW during EPROM programming. 


EXT INT 


Input 


The external interrupt input. Its active state is software-programmable. This input is also 
used in conjunction with the timer for pulse width measurement and event counting. 


XTLi,XTL2 


Input 


The time base inputs to which a crystal (1 to 4 MHz), LC network, RC network, or an 
external single-phase clock may be connected. If timing is not critical, the F38E70 
operates from its internal oscillator with no external components. 


TEST 1/Vpp 


Input 


An input used only in testing and programming the F38E70. For normal circuit 
functionality, this pin is left unconnected or may be grounded. For EPROM programming, 
the test pin is connected to the programming voltage (typically 23 V). 


PI7/TEST2 


Input 


I/O during normal operation; must be HIGH when in verify mode. 


Vcc 


Power 


Vcc is the power supply input (-i-5 V ± 10%). 
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program sequences. All six bits of ISAR may be loaded 
at one time, or either half may be loaded independently. 

Scratchpad registers 9 through 15 (decimal) are given 
mnemonic names (J, H, K, and Q) because of special 
linkages between these registers and other registers, 
such as a stack register. These special linkages facilitate 
the implementation of multi-level interrupts and 
subroutine nesting. For example, the instruction LR K, P 
stores the lower eight bits of the stack register into 
register 13 (K lower, or KL) and stores the upper three 
bits of P into the three least significant bits of register 
12 (K upper, or KU). 

Arithmetic and Logic Unit (ALU) 

After receiving commands from the main control logic, 
the ALU performs the required arithmetic or logic 
operations (using the data presented on the two input 
busses) and provides the result on the result bus. The 
arithmetic operations that can be performed in the ALU 
are binary add, decimal adjust, add with carry, 
decrement, and increment. The logic operations that can 
be performed are AND, OR, exclusive-OR, ones 
complement, shift right, and shift left. Besides providing 
the result on the result bus, the ALU also provides four 
signals representing the status of the result. These 
signals, stored in the status register (W), represent the 
CARRY, OVERFLOW, SIGN, and ZERO condition of the 
result of the operation. 

Accumulator 

The accumulator (AGO) is the principal register for data 
manipulation within the F38E70. The AGG serves as one 
input to the ALU for arithmetic or logical operations. The 
results of ALU operations are stored back into the AGO. 

Status Register 

The status register (W) holds five status flags, as follows: 



■' t t f t_ 



-*— BIT NO. 
STATUS REGISTER (W) 

- SIGN 

■ CARRY 

• ZERO 



- OVERFLOW 

- INTERRUPT CONTROL BIT 



Summary of Status Bits 

OVERFLOW = GARRY7 ® GARRYg 

ZERO = ALU7 A ALUe A ALU 5 A ALU4 A 

ALU3 A ALU2 A ALUt a ALUo 
GARRY =GARRY7 

SIGN =ALU7 

Interrupt Control Bit— The ICB may be used to allow 
or disallow interrupts in the F38E70. This bit is not the 
same as the two interrupt enable bits in the interrupt 
control port (IGP). If the ICB is set and the F38E70 
interrupt logic communicates an interrupt request to 
the GPU section, the interrupt is acknowledged and 
processed upon completion of the first non-privileged 
instruction. If the ICB is cleared, an interrupt 
request is not acknowledged or processed until the ICB 
is set again. 

I/O Ports 

The F38E70 provides four complete bidirectional input/ 
output ports: these are ports 0, 1,4, and 5. An output 
instruction (OUT or OUTS) causes the contents of the 
AGG to be latched into the addressed port. An input 
instruction (IN or INS) transfers the contents of the 
port to the AGG (port 6 is an exception, which is 
described later). The I/O buffers on the F38E70 are 
logically inverted. The schematic of an I/O port is shown 
in Figure 2. 

An output ready strobe is associated with port 4. This 
flag may be used to signal a peripheral device that the 
F38E70 has just completed an output of new data to port 
4. The strobe provides a single low pulse shortly after 
the output operation is completed , so eithe r edge may be 
used to signal the peripheral. The STROBE signal may 
also be used to request new input information from a 
peripheral simply by doing a dummy output of H '00' to 
port 4 after completing the input operation. 

Timer and Interrupt Control Port 

The timer is an 8-bit binary down counter that is 
software-programmable to operate in one of three modes: 
the interval timer mode, the pulse width measurement 
mode, or the event counter mode (the timer 
characteristics are described in Table 1). As shown in 
Figure 3, associated with the timer are an 8-bit register 
called the interrupt control port, a programmable 
prescaler, and an 8-bit modulo-N register; Figure 4 
illustrates the timer/interrupt function. 
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Fig. 2 I/O Port Diagram 



Vcc— V^S^ 





Vcc 



BkQTYP. 
(Internal) 



4 

STANDARD 
OUTPUT 

All ports are standard output type only. 

The STROBE output is always configured similar to a standard output, 

except that it is capable of driving three TTL loads. 



Fig. 3 Timer and Interrupt Control Port Block Diagram 
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-4-0 





1 
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1 
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'^- 


1 


1 
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-^— 1 








40 PRESCALE 


■^r- 1 





1 


100 PRESCALE 


■^— 1 


1 





200 PRESCALE 


■^— 1 


1 


1 



TIMER 
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ZE 



TIMER 

INTERRUPT 
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LATCH 



MODULON 

REGISTER 

8 BITS 



INTERRUPT 
LOGIC 
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u 



EXTERNAL INTERRUPT ENABLE 
^ TIMER INTERRUPT ENABLE 
•► EXT INT ACTIVE LEVEL 



,INT 
REQ 



EXTERNAL 

INTERRUPT 

REQUEST 

LATCH 



-► START/STOP TIMER 



-► PULSE WIDTH/INTERVAL TIMER 



See Figure 4 for a more detailed functional diagram. 
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Table 1 Timer Characteristics 



Definitions 

Error = indicated time value - 
tpsc = t0 X prescaie value 



actual tinne value 



Interval Timer Mode 

Single interval error, free-running (note 3) 
Cumulative interval error, free-running (note 3) 
Error between two timer reads (note 2) 
Start timer to stop timer error 

(notes 1,4) +t0to 

Start timer to read timer error 

(notes 1,2) -St^to - 

Start timer to interrupt request error 

(notes 1,3) 
Load timer to stop timer error 

(notel) +t</)to - 

Load timer to read timer error 

(notes 1,2) -5t(/)to 

Load timer to interrupt request error 

(notes 1,3) » - 

Pulse Width Measurement Mode 
Measurement accuracy (note 4) +X<l)Xo 

Minimum pulse width of EXT INT pin 

Event Counter Mode 
Minimum active time of EXT INT pin 
Minimum inactive time of EXT INT pin 



Notes 

1. All times that entail loading, starting, or stopping the timer are 
referenced from the end of the last machine cycle of the OUT or 
OUTS instruction. 

2. All times that entail reading the timer are referenced from the end of 
the last machine cycle of the IN or INS instruction. 

3. All times that entail the generation of an interrupt request are 
referenced from the start of the machine cycle in which the 
appropriate interrupt request latch is set. Additional time may elapse if 
the interrupt request occurs during a privileged or multi-cycle 
instruction. 

4. Error may be cumulative if operation is repetitively performed. 



The desired timer mode, prescaie value, starting and 
stopping the timer, active level of EXT INT pin, and local 
enabling or disabling of interrupts are selected by 
outputting the proper bit configuration from the 
accumulator to the interrupt control port (port 6) with an 
OUT or OUTS Instruction. Bits within the interrupt 
control port are defined as follows: 



±6t0 



± (tpsc -1- 10) 


- (tpsc 


+ tct>) 


-(tpsc + 


7t0) 


2t0 to - 


-8t0 


-(tpsc + 


2t</,) 


-(tpsc -I- 


8t0) 


2t0 to - 


-9t</) 


- (tpsc + 2t(/)) 
2t</) 




2t0 
2t</> 



Interrupt Control Port (Port 6) 

Bit — External Interrupt Enable 
Bit 1 — Timer Interrupt Enable 
Bit 2 — EXT INT Active Level 
Bit 3 — Start/Stop Timer 
Bit 4 — Pulse Width/Interval Timer 
Bit 5 — -i- 2 Timer Prescaie Values 
Bit 6 — -^ 5 Timer Prescaie Values 
Bit 7 — -r 20 Timer Prescaie Values 

A special situation exists when reading the interrupt 
control port (with an IN or INS instruction). The 
accumulator is not loaded with the content of the ICP; 
instead, accumulator bits through 6 are loaded with Os, 
while bit 7 is loaded with the logic level being applied to 
the EXT INT pin, thus allowing the status of EXT INT to 
be determined without the necessity of servicing an 
external interrupt request. This capability is useful In 
establishing a high-speed polled handshake procedure or 
for using EXT INT as an extra input pin if external 
interrupts are not required and the timer is used only in 
the interval timer mode. 

The rate at which the timer is clocked in the interval 
timer mode is determined by the frequency of an Internal 
(f) clock and by the division value selected for the 
prescaler. (The internal (/> clock operates at one-half the 
external time base frequency.) If ICP bit 5 is set and bits 

6 and 7 are cleared, the prescaler divides </> by two. 
Likewise, if bit 6 or 7 is individually set, the prescaler 
divides by 5 or 20, respectively. Combinations of bits 5, 
6, and 7 may also be selected. For example, if bits 5 and 

7 are set while 6 is cleared, the prescaler divides by 40. 
Thus, possible prescaler values are ^2, h-5, -^10, -^20, 
H-40, -^100, and -f.200. 

Any of three conditions causes the prescaler to be reset: 
when the timer is stopped by clearing the ICP bit 3, on 
execution of an output instruction to port 7 (the timer is 
assigned port address 7), or on the trailing edge 
transition of the EXT INT pin when in the pulse width 
measurement mode. These last two conditions are 
explained in more detail below. 

An OUT or OUTS instruction to port 7 loads the content 
of the accumulator to both the timer and the 8-bit 
modulo-N register, resets the prescaler, and clears any 
previously stored timer interrupt request. As previously 
noted, the timer is an 8-bit down counter that is clocked 
by the prescaler in the interval timer mode and in the 
pulse width measurement mode. The prescaler is not 
used in the event counter mode. The modulo-N register 
is a buffer whose function is to save the value that was 
most recently output to port 7. The modulo-N register is 
used in all three timer modes. 
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Fig. 4 Timer/Interrupt Functional Diagram 
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Interval Timer Mode— When iCP bit 4 is cleared (logic 0) 
and at least one prescale bit is set, the timer operates in 
the interval timer mode. When bit 3 of the ICP is set, the 
timer starts counting down from the modulo-N value. 
After counting down to H '01', the timer returns to the 
modulo-N value at the next count. On the transition from 
H '01' to H *N', the timer sets a timer interrupt request 
latch. Note that the interrupt request latch is set by the 
transition of H 'N' in the timer, thus allowing a full 256 
counts if the modulo-N register is preset to H '00'. If bit 1 
of the ICP is set, the interrupt request is passed on to 
the CPU section of the F38E70. However, if bit 1 of the 
ICP is a logic 0, the interrupt request is not passed on to 
the CPU section but the interrupt request latch remains 
set. If ICP bit 1 is subsequently set, the interrupt request 
is then passed on to the CPU section. (Recall from the 
discussion of the status register interrupt control bit that 
the interrupt request is acknowledged by the CPU 
section only if ICB is set.) Only two events can reset the 
timer interrupt request latch: when the timer interrupt 
request is acknowledged by the CPU section, or when a 
new load of the modulo-N register is performed. 

Consider an example in which the modulo-N register is 
loaded with H '64' (decimal 100). The timer interrupt 
request latch is set at the 100th count following the 
timer start, and the timer interrupt request latch is 
repeatedly set on precise 100-count intervals. If the 
prescaler is set at -;-40, the timer interrupt request latch 
is set every 4000 clock periods. For a 2 MHz </> clock 
(4 MHz time base frequency), this produces 2 ms 
intervals. 

The range of possible intervals is from 2 to 51,200 
clock periods (1 fis to 25.6 ms for a 2 MHz </> clock). 
However, approximately 50 periods is a practical 
minimum because the time between setting the interrupt 
request latch and the execution of the first Instruction of 
the interrupt service routine is at least 29 periods (the 
response time is dependent upon how many privileged 
instructions are encountered when the request occurs). 
To establish time intervals greater than 51,200 clock 
periods is simply a matter of using the timer interrupt 
service routine to count the number of interrupts, saving 
the result in one or more of the scratchpad registers 
until the desired interval is achieved. With this 
technique, virtually any time interval, or several time 
intervals, may be generated. 

The timer may be read at any time and in any mode using 
an input Instruction (IN 7 or INS 7) and may take place 
"on-the-fly" without interfering with normal timer 
operation. Also, the timer may be stopped at any time by 
clearing bit 3 of the ICP. The timer holds its current 
contents indefinitely and resumes counting when bit 3 is 



again set. Recall, however, that the prescaler is reset 
whenever the timer is stopped; thus, a series of starting 
and stopping results in a cumulative truncation error. 

A summary of other timer errors is given in the timing 
section. For a free-running timer in the interval timer 
mode, the time interval between any two interrupt 
requests may be in error by ±6 clock periods, although 
the cumulative error over many intervals is zero. The 
prescaler and timer generate precise intervals for setting 
the timer interrupt request latch, but the time-out may 
occur at any time within a machine cycle. (There are two 
types of machine cycles: short cycles, which consist of 4 
clock periods, and long cycles, which consist of 6 
clock periods.) In the multi-chip F8 family, there is a 
signal called the write clock that corresponds to a 
machine cycle. Interrupt requests are synchronized with 
the internal write clock, thus giving rise to the possible 
± 6 error. Additional errors may arise due to the 
interrupt request occurring while a privileged instruction 
or multi-cycle instruction is being executed. 
Nevertheless, for most applications all of the above 
errors are negligible, especially if the desired time 
interval is greater than 1 ms. 

Pulse Width Measurement Mode— When ICP bit 4 is set 

(logic 1) and at least one prescale bit is set, the timer 
operates in the pulse width measurement mode. This 
mode is used for accurately measuring the duration of a 
pulse applied to the EXT INT pin. The timer is stopped 
and the prescaler is reset whenever EXT INT is at its 
inactive level. The active level of EXT INT Is defined by 
ICP bit 2: if cleared, EXT INT is active LOW; if set, EXT 
INT is active high. If ICP bit 3 is set, the prescaler and 
timer start counting when EXT INT transitions to the 
active level. When EXT INT returns to the inactive level, 
the timer stops, the prescaler resets, and, if ICP bit is 
set, an external interrupt request latch is set. (Unlike 
timer interrupts, external interrupts are not latched if the 
ICP interrupt enable bit is not set.) 

As in the interval timer mode, the timer may be read at 
any time and may be stopped at any time by clearing ICP 
bit 3; the prescaler and ICP bit 1 function as previously 
described, and the timer still functions as an 8-bit binary 
down counter, with the timer interrupt request latch 
being set on the timer transition from H '01' to H 'N'. 
Note that the EXT INT pin has nothing to do with loading 
the timer; its action is that of automatically starting and 
stopping the timer and of generating external interrupts. 
Pulse widths longer than the prescale value times the 
modulo-N value are easily measured by using the timer 
interrupt service routine to store the number of timer 
interrupts in one or more scratchpad registers. 
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As for accuracy, the actual pulse duration is typically 
slightly longer than the measured value because the 
status of the prescaler is not readable and is reset 
when the timer is stopped. Thus, for maximum accuracy, 
it is advisable to use a small division setting for 
the prescaler. 

Event Counter Mode— When ICP bit 4 is cleared and all 
prescale bits (ICP bits 5, 6, and 7) are cleared, the timer 
operates in the event counter mode. This mode is used 
for counting pulses applied to the EXT INT pin. If ICP bit 
3 is set, the timer decrements on each transition from 
the inactive level to the active level of the EXT INT pin. 
The prescaler is not used in this mode, but, as in the 
other two timer modes, the timer may be read at any 
time and may be stopped at any time by clearing ICP bit 
3; ICP bit 1 functions as previously described, and the 
timer interrupt request latch is set on the timer transition 
from H 'OrtoH 'N'. 



interrupt control bit is set and the CPU section 
acknowledges the interrupt or the interrupt request is 
cleared as previously described. 

If there are both a timer interrupt request and an external 
interrupt request when the CPU section starts to process 
the requests, the timer interrupt is handled first. 

When an interrupt is allowed, the CPU section requests 
that the interrupting element pass its interrupt vector 
address to the program counter via the data bus. The 
vector address for a timer interrupt is H '020'. The vector 
address for external interrupts is H 'OAO'. After the vector 
address is passed to the program counter, the CPU 
section sends an acknowledge signal to the appropriate 
interrupt request latch, which clears that latch. The 
execution of the interrupt service routine then 
commences. The return address of the original program 
is automatically saved in the stack register, P. 




Normally, ICP bit should be kept cleared in the event 
counter mode; otherwise, external interrupts are 
generated on the transition from the inactive level to the 
active level of the EXT INT pin. 

For the event counter mode, the minimum pulse width 
required on EXT INT is 2 </> clock periods and the 
minimum inactive time is 2 </> clock periods; therefore, 
the maximum repetition rate is 500 Hz. 

External Interrupts 

When the timer is in the interval timer mode, the EXT INT 
pin is available for non-timer-related interrupts. If ICP bit 
is set, an external interrupt request latch is set when 
there is a transition from the inactive level to the active 
level of EXT INT. (EXT INT is an edge-triggered input.) 
The interrupt request is latched either until acknowleged 
by the CPU section or until ICP bit is cleared (unlike 
timer interrupt requests, which remain latched even when 
ICP bit 1 is cleared). External interrupts are handled in 
the same fashion when the timer is in the pulse width 
measurement mode or in the event counter mode, except 
that only in the pulse width measurement mode is the 
external interrupt request latch set on the trailing edge 
of EXT INT, that is, on the transition from the active level 
to the inactive level. 

Interrupt Handling 

When either a timer or an external interrupt request is 
communicated to the CPU section of the F38E70, it is 
acknowledged and processed at the completion of the 
first non-privileged instruction if the interrupt control bit 
of the status register is set. If the interrupt control bit Is 
not set, the interrupt request continues until either the 



Power-on Clear 

When power is applied to the F38E70, the program 
counter and the ICB bit of the status register are 
cleared. Ports 4, 5, 6, and 7 are loaded with H '00' (thus, 
the I/O pins for ports 4 and 5 are at Vqh)- The contents of 
other registers and ports are undefined. The first 
program instruction is then fetched from EPROM 
location H '000'. 

Exter nal Rese t 

When RESET is taken LOW, the content of the program 
counter is pushed to the stack register, and the program 
counter and the ICB bit of the status register are then 
cleared. The original stack register content is lost. As 
with power-on clear, ports 4, 5, 6, and 7 are loaded 
with H '00'. The contents of all othe r registers and 
ports are unchanged. When RESET is taken HIGH, the 
first program instruction is fetched from EPROIVI location 
H '000'. 

Test Logic 

Special test logic is implemented to allow access to the 
internal main data bus for test purposes. 

In normal operation, the TEST pin is unconnected or is 
connected to GND. When TEST is placed at a TTL level 
(2.0 V to 2.6 V), port 4 becomes an output of the internal 
data bus and port 5 becomes a wired-OR input to the 
internal data bus. The data appearing on the port 4 pins 
is logically true, whereas input data forced on port 5 
must be logically false. When TEST is placed at a HIGH 
level (6.0 V to 7.0 V), the ports act as above and, 
additionally, the 2Kx8 program ROM is prevented from 
driving the data bus. In this mode, operands and 
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instructions may be forced externally through port 5 
instead of being accessed from the program ROM. When 
TEST is i n either the TTL state or the HIGH state, 
STROBE ceases its normal function and becomes a cycle 
clock (identical to the F8 multi-chip system write clock, 
except inverted). 

Timing complexities render the capabilities associated 
with the TEST pin impractical for use in a user's 
application, but these capabilities are sufficient to 
enable Falrchild to implement a rapid method for 
thoroughly testing the F38E70. 

F38E70 Clocks 

The time base for the F38E70 may originate in one of 
four external sources. The four external configurations 
are shown in Figure 5. There is an internal 20 pF 
capacitor between XTLi and GND, and also between 
XTL2 and GND. Thus, external capacitors are not 
required. In all external clock modes, the external time 
base frequency is divided by two to form the internal 
(j> clock. 

Instruction Set 

The F38E70 executes the entire instruction set of the 
multi-chip F8 family (F3850 family), as shown in Table 2. 
Of course, the STORE Instruction is of little use in the 
F38E70 because only read-only memory exists in the 
addressing range of the data counter (the data counter, 
however, is incremented if STORE is executed). 

A summary of programmable registers and ports Is given 
in Figure 6, followed by a summary of the F38E70 
(F8-compatible) instruction set. 



Fig. 5 


Clock Configurations 






Crystal Mode External Mode 




XTLi 




XTL2 




XTLi 


R 


^^ 


^ T 


AT CUT 1 - 4 MHz 


OPEN EXTERNAL 
CLOCK 




RC Mode 






LC Mode 



Vcc 



XTL2 



Cexternal 
(OPTIONAL -CAN 
BE OMITTED) 



Cexternal (OPTIONAL) 



Minimum R = 4kQ 



Minimum L = 0.1 mH 
Minimum Q = 40 



C = 20.5 pF ± 2.5 pF + Cexternal Maximum Cexternal = 30 P^ 

1 

C= 10 pF± 1.3 pF + Cexternal 

1 



1.1 RC + 65ns 

1 
1.0 RC+ 15 ns 



Example with Cexternal = 
R = 15kQ±5% 
f = 2.9 MHz ±26% 



f = 



27rVLC 

Example with Cexternal = 

L=0.3mH±10% 

f s 3.0 MHz ±10% 



Also, for convenient reference, a programming model of 
the F38E70 is given in F/gare 7. 
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Table 2 F38E70 Instruction Set 



Accumulator Group Instructions 





Mnemonic 
opcode 


operand 


Function 


■Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Carry 


LNK 




ACC-(ACC)+CRY 


19 


1 


1 


1/0 


1/0 


1/0 


1/0 


Add Immediate 


Al 


ii 


ACC^(ACC) A H'ii' 


24 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


AND Immediate 


Nl 


ii 


ACC-(ACC) H'ii' 


21 ii 


2 


2.5 





1/0 





1/0 


Clear 


CLR 




ACC^-H'OO' 


70 


1 


1 










Compare Immediate 


CI 


ii 


H'ii' + (ACC)+1 


25 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


Complement 


COM 




ACC-(ACC)©H'FF' 


18 


1 


1 





1/0 





1/0 


Exclusive OR Immediate 


XI 


ii 


ACC-(ACC)©H'ii' 


23 ii 


2 


2.5 





1/0 





1/0 


Increment 


INC 




ACC-(ACC)+1 


IF 


1 


1 


1/0 


1/0 


1/0 


1/0 


Load Immediate 


LI 


Ii 


ACC-H'ii' 


20 ii 


2 


2.5 


— 


— 


— 


— 


Load Immediate Short 


LIS 


i 


ACC^H'Oi' 


7i 


1 


1 


— 


— 


— 


— 


OR Immediate 


01 


ii 


ACC-(ACC) V H'ii' 


22 ii 


2 


2.5 





1/0 





1/0 


Shift Left One 


SL 


1 


SHIFT LEFT 1 


13 


1 


1 





1/0 





1/0 


Shift Left Four 


SL 


4 


SHIFT LEFT 4 


15 


1 


1 





1/0 





1/0 


Shift Right One 


SR 


1 


SHIFT RIGHT 1 


12 


1 


1 





1/0 





1 


Shift Right Four 


SR 


4 


SHIFT RIGHT 4 


14 


1 


1 





1/0 





1 



Branch Instructions 

(In All Conditional Branches, PO (P0)+ 2 If the Test Conditions Are Not Met. Execution Is Complete in 30 Cycles.) 





Mnemonic 
opcode 


Operand 




















Machine 
Code 


Bytes 


Cycles 


status Bits 


Operation 


Function 


OVF 


ZERO 


CRY 


SIGN 


Branch on Carry 


BC 


aa 


P0-[(P0)+ 1]+ H'aa' if CRY= 1 


82 aa 


2 


3.5 


_ 


_ 


_ 


_ 


Branch on Positive 


BP 


aa 


PO-[(PO)+ 1]+ H'aa' if SIGN = 1 


81 aa 


2 


3.5 


— 


— 


— 


— 


Branch on Zero 


BZ 


aa 


PO-[(PO)+ 1]+ H'aa' if ZERO = 1 


84 aa 


2 


3.5 


— 


— 


— 


— 


Branch on True 


BT 


t,aa 


PO-[(PO)+ 1]+ H'aa' if any test is true 


8taa 


2 


3.5 


~ 


- 


- 


- 




BM 


aa 




t = TEST CONDITION 




91 aa 


2 


3.5 














22 


2' 


20 








ZERO 


CRY 


SIGN 




Branch if Negative 


PO-[(f 


'0)+11+H'aa'if SIG^ 


J = 


__ 


Branch if No Carry 


BNC 


aa 


PO^[(PO)+ 1]+ H'aa' if CARRY ^0 


92 aa 


2 


3.5 


— 


— 


— 


— 


Branch if No Overflow 


BNO 


aa 


PO-[(PO)+ 1]+ H'aa' if OVF^O 


98 aa 


2 


3.5 


— 


— 


— 


— 


Branch if Not Zero 


BNZ 


aa 


PO-[(PO)+ 1]+ H'aa' if ZERO = 


94 aa 


2 


3.5 


— 


— 


_- 


— 


Branch if False Test 


BF 


t,aa 


PO-[(PO)+ 1]+ H'aa' if all false test bits 


9taa 


2 


3.5 


- 


- 


- 


- 




BR7 


aa 




t = TEST CONDITION 




8Faa 


2 


2.5 














23 


22 


2' 


20 








OVF 


ZERO 


CRY 


SIGN 




Branch if ISAR (Lower) 7 


PO- 


[(P0)+1]+H'aa'lf ISARL^7 













PO-(P0)+2if ISARL=7 






2.0 


— 


— 


— 


— 


Branch Relative 


BR 


aa 


P0>-[(P0)+11+H'aa' 


90 aa 


2 


3.5 


— 


— 


— 


— 


Jump* 


JMP 


aaaa 


PO-H'aaaa' 


29 aaaa 


3 


5.5 


— 


— 


— 


■ — 



Memory Reference Instructions (In 


All Memory Reference Instructions, the Data Counter Is Incremented DC-DC-1.) 






Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


status Bits 


operation 


OVF 


ZERO 


CRY 


SIGN 


Add Binary 


AM 




ACC^(ACC)+[(DC)] 


88 




2.5 


1/0 


1/0 


1/0 


1/0 


Add Decimal 


AMD 




ACC^(ACC)+[(DC)] 


89 




2.5 


1/0 


1/0 


1/0 


1/0 


AND 


NM 




ACC-(ACC) A [(DC)] 


8A 




2.5 





1/0 





1/0 


Compare 


CM 




[(DC)] + (ACC)+1 


8D 




2.5 


1/0 


1/0 


1/0 


1/0 


Exclusive OR 


XM 




ACC^(ACC)®I(DC)] 


8C 




2.5 





1/0 





1/0 


L6ad 


LM 




ACC-KDOl 


16 




2.5 


_^ 


— 


— 


— 


Logical OR 


OM 




ACC^(ACC)V[(DC]) 


8B 




2.5 





1/0 





1/0 


Store 


ST 




(DC)^(ACC) 


17 




2.5 


— 


— 


— 


— 



* Privileged instruction 

Note 

JMP and PI change accumulator contents to the high byte address. 
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Table 2 F38E70 Instruction Set (Cont.) 



Address Register Group instructions 




















Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


operation 


OVF 


ZERO 


CRY 


SIGN 


Add to Data Counter 


ADC 




DC-(DC)+(ACC) 


8E 




2.5 


_ 


_ 


_ 


>_ 


Call to Subroutine 


PK* 




P-(PO); P0U^(r12); PL^(r13) 


OC 




4 


— 


— . 


— 


— 


Call to Subroutine Immediate 


PI* 




P^(P); PO-H'aaaa'* 


28 aaaa 




6.5 


— 


— 


' — 


— 


Exchange DC 


XDC 




DC— DCI 


2C 




2 


— 


— 


— 


r- 


Load Data Counter 


LR 


DC.Q 


DCU^(r14); DCL^(r15) 


OF 






— 


— 


— 


— 


Load Data Counter 


LR 


DC,H 


DCU-(r10);DCL-(r11) 


10 






— 


— 


— 


— 


Load DC Immediate 


DCI 


aaaa 


DC-H'aaaa' 


2A aaaa 


3 




_ 


— 


_ 


— 


Load Program Counter 


LR 


PO,Q 


P0U-(r14); P0L-(r15) 


OD 






— 


— 


— 


— 


Load Stack Register 


LR 


P,K 


PU-(r12); PL«-(r13) 


09 






— 


— 


— 


— 


Return From Subroutine 


POP* 




PO^(P) 


1C 






— 


— 


— . 


— 


Store Data Counter 


LR 


Q.DC 


r14-(DCU); r15-(DCL) 


OE 






— 


— 


— 


-. 


Store Data Counter 


LR 


H,DC 


r10-(DCU); r11-(DCL) 


11 






— 


— 


— 


— 


Store Stack Register 


LR 


K,P 


r12^(PU); r13-(P) 


08 






— 


— 


— 


— 



Scratchpad Register Instructions (Refer to Scratchpad Addressing Modes.) 


















Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Binary 


AS 


r 


ACC^(ACC)+(r) 


Cr 




1 


1/0 


1/0 


1/0 


1/0 


Add Decimal 


ASD 


r 


ACC*-(ACC)+(r) 


Dr 




2 


1/0 


1/0 


1/0 


1/0 


Decrement 


DS 


r 


r^(r)+H'FP 


3r 




1.5 


1/0 


1/0 


1/0 


1/0 


Load 


LR 


A,r 


ACC^(r) 


. 4r 






— 


— 


— 


— 


Load 


LR 


A,KU 


ACC-(r12) 


00 






— 


— 


,— 


— 


Load 


LR 


A,KL 


ACC-(r13) 


01 






— 


— 


— 


— 


Lord 


LR 


A,QU 


ACC^(r14) 


02 






— 


— 


— 


— 


Load 


LR 


A,QL 


ACC^(r15) 


03 






— 


— 


— 


■ — 


Load 


LR 


r,A 


r^(ACC) 


5r 






— 


— 


— 


— 


Load 


LR 


KU.A 


r12^(ACC) 


04 






— 


— 


— 


— 


Load 


LR 


KL,A 


r13-(ACC) 


05 






— 


— 


— 


— 


Load 


LR 


QU,A 


r14>-(ACC) 


06 






— 


— 


— 


— 


Load 


LR 


QL,A 


r15-(ACC) 


07 






— 


— 


— 


— 


AND 


NS 


r 


ACC-(ACC) A (r) 


Fr 









1/0 





1/0 


Exclusive OR 


XS 


r 


ACC-(ACC)®(r) 


Er 









1/0 





1/0 



IVIisceilaneous Instructions 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Disable Interrupt 


Dl 




RESET ICB 


1A 




2 


— 


— 


— 


— 


Enable Interrupt* 


El 




SET ICB 


IB 




2 


— 


— 


— 


— 


Input 


IN 


aa 


ACC-(INPUTPORTaa) 


26 aa 




4 





1/0 





1/0 


Input Short 


INS 


a 


ACC-ONPUTPORTa) 


Aa 




4*** 


, 


1/0 





1/0 


Load ISAR 


LR 


IS,A 


ISAR^(ACC) 


OB 




1 


— 


— 


— 


— 


Load ISAR Lower 


LISL 


a 


iSARL^a 


01101a** 




1 


— 


— 


— 


— 


Load ISAR Upper 


LISU 


a 


iSARU^a 


01100a** 




1 


— 


— 


— 


— 


Load Status Register* 


LR 


W,J 


W^(r9) 


ID 




2 


1/0 


1/0 


1/0 


1/0 


No-Operation 


NOP 




P0^(P0)+1 


2B 




1 


— 


,. — • 


■ — 


__ 


Output 


OUT 


, aa 


OUTPUT PORT aa^(ACC) 


27 aa 


2 


4 


— 


— 


— 


— 


Output Short 


OUTS 


a 


OUTPUT PORT a-(ACC) 


Ba 




4*** 


— 


— 


— 


— 


Store ISAR 


LR 


A,IS 


ACC-OSAR) 


OA 




1 


, — 


,.— , 


— 


— 


Store Status Register 


LR 


J,W 


r9^(W) 


1E 




1 


— 


— 


— 


— ■ 



* Privileged instruction 
**3-bit octal digit 
***Two machine cycles for CPU ports 
♦Contents of ACC destroyed 
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Notes 

Each lower case character represents a hexadecimal digit. 

Each cycle equals four machine clock periods. 

Lower case denotes variables specified by the programmer. 



Function Definitons 

— is replaced by 

the contents of 
binary ones complement of 
arithmetic add (binary or decimal) 
logical OR exclusive 
logical AND 
logical OR inclusive 
hexadecimal digit 



( ) 
(-) 



A 
V 
H'#' 



Register Names 

a address variable 

A accumulator 

DC data counter (indirect address register) 

DC1 data counter #1 (auxiliary data counter) 

DCL least significant eight bits of data counter addressed 

DCU most significant eight bits of data counter addressed 

H scratchpad register #10 and #11 

i and ii immediate operand 

ICB interrupt control bit 

IS indirect scratchpad address register 

ISAR indirect scratchpad address register 

ISARL least significant three bits of ISAR 

ISARU most significant three bits of ISAR 



J scratchpad register #9 

K registers #12 and #13 

KL register #13 

KU register #12 

PO program counter 

POL least significant eight bits of program counter 

POU most significant eight bits of program counter 

P stack register 

PL le^st significant eight bits of program counter 

PU most significant eight bits of active stack register 

Q registers #14 and #15 

QL register #15 

QU register #14 

r scratchpad register (any address through 11) 

W status register 

Scratchpad Addressing Modes (Machine Code Format) 

r= C (hexadecimal) register addressed by ISAR (unmodified) 

r= D (hexadecimal) register addressed by ISAR; ISARL incremented 

r= E (hexadecimal) register addressed by ISAR; ISARL decremented 

r= F (no operation performed) 

r= 0-B (hexadecimal) register through 11 addressed directly from the 
instruction 

Status Register 

— no change in condition 

1/0 is set to 1 or 0, depending on conditions 

CRY carry flag 




EPROM Programming 



F38E70 Erasing Instructions 



When 23 V is applied to the TEST 1 pin, the device goes 
into the program or verify mode an d the I/O ports take on 
the different functions of DATA IN (port 5), DATA OUT 
(port 4 ), EPROM address (11 pins of ports a nd 1), and 
PROG (port Is). The verify mode exists when PROG is 
HIGH and TEST 2 = Vqc- Port 4 outputs the data content 
of the EPROM according to the address Aq through A-iq- 
The logical sense is true, and for an unprogrammed 
location, the outputs are high. During verify mode, the 
data on port 5 has no effect on th e port 4 output. The 
program mode exists when PROG is taken low. All 
addresses and DATA IN must be stable before going into 
this mode. During this mode, the data appearing on port 
5 is "burned in" to the EPROM. Note that the sense of 
port 5 is logically false. At the same time, port 4 outputs 
the data on the internal data bus, which is exactly equal 
to the inversion of the data going in on port 5. Port 4 
does not indicate satisfactory completio n of th e EPROM 
programming in the program mode. The PROG pin must 
be high before the 23 V is applied in order to prevent a 
programming error. 



The contents of the F38E70 EPROM can be erased by 
exposure to high-intensity shortwave ultraviolet (UV) light 
with a wavelength of 2537 Angstroms (A). This can be 
accomplished with ultraviolet light EPROM erasure 
devices that are available from several U.S. 
manufacturers. These erasure devices contain a UV light 
source, which is usually placed approximately 1 or 2 
inches from the EPROM so that the transparent window 
on top of the device is illuminated. The minimum 
required integrated dose (intensity x exposure time) 
of UV light energy incident on the window of the 
device in order to reliably ensure complete erasure is 
15 watt-sec/cm^. The UV erasure unit should be 
periodically calibrated if minimum exposure times are to 
be used. (Minimum exposure times range from 10 to 45 
minutes, depending on the model type and age of UV 
lamp.) If longer exposure times are possible, variations 
in the output light intensity of the UV light source are 
not critical. 



CAUTION 

Applying + 25 V to the Vpp pin without the presence of 

Vcc will damage the device. 
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Fig. 6 Programmable Registers and Ports 
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Fig. 7 Programming l\/lodel 
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Note 



Reset transfers PO to P and 
then Clears PO, ICB bit of W, 
and ports 4, 5, 6, and 7. 



The instructions PI and PK are shown in two sequential parts (Pl-|, PI2, and PK-|, PK2). 

*These instructions set status. 

tThe value of the external interrupt input is loaded to 
bit 7 of the accumulator (with bits through 6 loaded 
with zeros) when the instruction 'INS 6' is executed. This 
instruction also sets status. 

ttPO, P, DC, and DC1 are 11 bit registers. 
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Supplementary Notes 



F38E70 



For total software compatibility when expanding into a 
multi-chip configuration, the F3871 Peripheral 
Input/Output circuit should be used. The F3871 has 
the same improved timer (binary count, readable, and 
three modes of operation) and ready strobe output as 
the F38E70. 

The interrupt control bit of the status register is 
automatically reset when an interrupt request is 
acknowledged. It is then the programmer's responsibility 
to determine when ICB is again set (by executing an El 
instruction). This action prevents an interrupt service 
routine from being interrupted unless the programmer 
so desires. 

When reading the interrupt control port (port 6), bit 7 of 
the accumulator is loaded with the actual logic level 
being applied to the EXT INT pin, regardless of the 
status of ICP bit 2 (the EXT INT active level bit); that Is, if 
EXT INT is at +5 V, bit 7 of the accumulator is set to a 
logic 1, but if EXT INT is at GND, accumulator bit 7 is 
reset to logic 0. 



When an external reset of the F38E70 occurs, PO is 
pushed into P and the old contents of P are lost. It must 
be noted that an external reset is recognized at the start 
of the machine cycle and not necessarily at the end of 
an instruction. Thus, if the F38E70 is executing a multi- 
cycle Instruction, that instruction is not completed and 
the contents of P upon reset may not necessarily be the 
address of the instruction that would have been 
executed next. It may, for example, point to an 
immediate operand if the reset occurred during the 
second cycle of an LI or CI instruction. Additionally, 
several instructions (JMP, PI, PK, LR, PO, Q) as well as 
the interrupt acknowledge sequence modify PO in parts. 
That is, they alter PO by loading first one part, then the 
other, and the entire operation takes more than one 
cycle. Should reset occur during this modification 
process, the value pushed into P is part of the old PO 
(the as-yet unmodified part) and part of the new PO (the 
already modified part). Thus, care should be taken 
(perhaps by external gating) to ensure that reset does not 
occur at an undesirable time if any significance is to be 
given to the contents of P after a reset occurs. 



In the "F38E70 (F8-compatible) Instruction Set" 
summary, the number of cycles shown is "nominal" 
machine cycles. A nominal machine cycle is defined as 4 
clock periods, thus requiring 2 ixs for a 2 MHz clock 
frequency (4 MHz external time base frequency). 

Also, the summary uses the following nomenclature for 
register names: 

F8 F38E70 

PCo = PO Program Counter 

PCi = P Stack Register 

DCo = DC Data Cou nter 

DCi = DC1 Auxiliary Data Counter 

This nomenclature is used in order to be consistent with 
the assembly language mnemonics. 

For the F38E70, execution of an INS or OUTS instruction 
requires two machine cycles for ports and 1, while 
ports 4 and 5 require four machine cycles. 



Absolute Maximum Ratings 

The absolute maximum ratings of the F38E70 are 

as follows: 

Temperature (Ambient Under Bias) OX, + 70X 

Storage Temperature - 55X, + 150X 

Voltage on any Pin with Respect to 

Ground (Except Test Pin) -1.0 V, +7V 

Test Pin Voltage with Respect to Vss -1.0 V, -I-27V 

CAUTION 

Applying -H 25 V to the Vpp pin without the presence of 

Vcc will damage the device. 

Power Dissipation LOW 

These are stress ratings only, and functional operation at these ratings, 
or under any conditions above those indicated in this data sheet, is not 
implied. Exposure to the absolute maximum rating conditions for 
extended periods of time may affect device reliability, and exposure to 
stresses greater than those listed may cause permanent damage to 
the device. 
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Timing Characteristics V 


cc= +5V ±10%,TA=0Xto +70X 










Signal 


Symbol 


Characteristic 


Min 


Max 


Unit 


Comments (Note 3) 


XTLi 


to(XTL) 


Time Base Period, Crystal Mode 


250 


1000 


ns 


4MHZ-1 MHz 


XTL2 


to(LC) 


Time Base Period, LC Mode 


250 


1000 


ns 


4MHZ-1 MHz 




to(RC) 


Time Base Period, RC Mode 


250 


2000 


ns 


4 MHz-1 MHz 




to(EX) 


Time Base Period, External Mode 


250 


2500 


ns 


4MHZ-1MHZ 




tEx(H) 


External Clock Pulse Width, High 


90 


2000 


ns 






tEx(L) 


External Clock Pulse Width, Low 


90 


2000 


ns 




</) 


t0 


Internal <t> Clock Period 


2to typ. 


ns 


0.5 iis at 4 MHz ext. time base 


STROBE 


t|/0-S 


Port Output to STROBE Delay 


3t0- 1000 min 
3t0 + 250 max 


ns 


Notel 




tsL 


STROBE Pulse Width, Low 


8t0-25Omin 
12t + 250max 


ns 




RESET 


tRH 


RESET Hold Time, Low 


6t0+75Omin 


ns 




EXT INT 


tEH 


EXT INT Hold Time, Active State 


6t(/)+750min 


ns 


Note 2 




Notes 

1. Load is 50 pF plus 1 standard TTL input. 

2. Specification is applicable when the timer is in the interval timer 
mode. See "Timer Characteristics" for EXT INT requirements when in 
the pulse width measurement mode or the event counter mode. 

3. The timing diagrams are given in Figure 8. 



Fig. 8 Timing Diagrams 
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Program/Verify Timing 



Symbol 


Parameter 


mn 


IVIax 


Unit 


tsET-UP 


23 V Applied to PROG 


5 




fiS 


tAS 


Address Set-up Time 


1 




fiS 


tAH 


Address Hoid Time 


1 




fiS 


tDS 


Data Set-up Time 


1 




lis 


tDH 


Data Hold Time 


1 




fiS 


tAV 


Address to Data Out in Verify 




5 


lis 


tpv 


PROG to Data Out in Verify 




2 


lis 


tpD 


PROG to Data Out in Programming 




5 


lis 


tpROG 


Programming Time 


50 




ms 



Note 

Timing diagrams are given in Figure 9. 



Fig. 9 Program/Verify Timing Diagrams 
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Note 

All measurements are referenced to V|l max., V|h min., Vql max., or Vqh min. 
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DC Characteristics Vcc = 5V ±10%,TA=0Xto +70"C 



Symbol 


Characteristic 


IVIin 


Typ 


Max 


Unit 


Test Conditions 


Ice 


Power Supply Current 






60 


mA 


Outputs Open 


Pd 


Power Dissipation 






330 


mW 


Outputs Open 


V|HEX 


External Clock Input High Voltage 


2.4 




5.8 


V 




ViLHEX 


External Clock Input Low Voltage 


-0.3 




0.6 


V 




'hex 


External Clock Input High Current 






100 


/.A 


V|HEX=2.4V 


'ilex 


External Clock Input Low Current 






-100 


/xA 


V,LEX=0.6V 


V,H 


Input High Voltage 


2.0 




5.8 


V 




V,L 


Input Low Voltage 


-0.3 




0.8 


V 




l|H 


Input High Current 

(Except Open-Drain and Direct-Drive I/O Ports) 






100 


/xA 


V|H = 2.4V, Internal Pull-Up 


l|L 


Input Low Current 

(Except Open-Drain and Direct-Drive Ports) 






-1.6 


mA 


V,L=0.4V 


•lod 


Leakage Current (Open-Drain Ports) 






10 


^A 


Pull-Down, Device Off 


loH 


Output High Current 

(Except Open-Drain and Direct-Drive Ports) 


-100 






/^A 


VoH = 2.4V 


'OHDD 


Output Drive Current (Direct-Drive Ports) 


-1.5 




-8 


nnA 


VoH = 0.7Vto1.5V 


loL 


Output Low Current 


1.8 






mA 


VoL=0.4V 


•OHS 


Output High Current (STROBE Output) 


-300 






ti^ 


VoH = 2.4V 


•OLS 


Output Low Current (STROBE Output) 


5.0 






mA 


Vol = 0.4 V 


Vtest 


Test Pin Voltage for Program/Verify Mode 






23 (±.5) 


V 




■test 


Test Pin Current for Program/Verify Mode 






20 


mA 


Vprog = 0.4V,Vtest=23V 



Capacitance Ta = 25*C, f = 2 MHz 



Symbol 


Characteristic 


Min 


Max 


Unit 


Test Condition 


C|N 


Input Capacitance: I/O Ports, RESET, EXT INT 




7 


PF 


Unmeasured pins returned to GND 


CxTL 


Input Capacitance: XTLi, XTL2 


18 


23 


Pf 





Typical Thermal Resistance Values 



Plastic 
^jA (Junction to ambient) 
^jA (Junction to case) 



60X/W (still air) 
42X/W 



Ceramic 
^jA (Junction to ambient) 
0JA (Junction to case) 



48X/W (still air) 
33X/W 
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Ordering Information 



Part Number 


Paclcage 


Temperature Range* 


F38E70DC 


Ceramic 


C 


F38E70DL 


Ceramic 


L 


F38E70DM 


Ceramic 


M 


F38E70PC 


Plastic 


C 


F38E70PL 


Plastic 


L 


F38E70PM 


Plastic 


M 



* C = Commercial Temperature Range "C to + 70 °C 
L= Limited Temperature Range - 40°C to + 85°C 
M = Military Temperature Range - SS'C to + 125°C 
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F3872/F38L72 
Single-Chip IVIicrocomputer 



Microprocessor Product 



Description 

The Fairchild F3872 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. It can execute the F8 
instruction set of more than 70 commands, allowing 
expansion into multi-chip configurations with software 
compatibility. The device features 64 bytes of scratchpad 
RAM, 64 bytes of power-down executable RAM, a 
programmable binary timer, 32 bits of I/O, a single + 5 V 
power supply requirement, and a choice of 1K, 2K, 3K, or 
4K bytes of ROM. A low-power standby option for the 
executable RAM is available on the F38L72. 

Utilizing Fairchild's double-ion-implanted, N-channel 
silicon-gate technology and advanced circuit design 
techniques, the single-chip F3870 offers maximum cost 
effectiveness in a wide range of control and logic 
replacement applications. 

The F3872 is an expanded memory version of the F3870 
single-chip microcomputer. It is identical to the F3870 in 
the following areas: instruction set, architecture, ac and 
dc characteristics, and pinout. The only difference 
between the F3872 and the F3870 lies in the memory 
expansion and the appropriate memory address registers. 



Connection Diagram 



Single-chip Microcomputer 

Same Pinout as F3870 

Software-Compatible with F8 Family 

1024-, 2048-, 3072-, or 4032-Byte Mask-Programmable 

ROM 

64- Byte Scratchpad RAM 

32Bit (4-Port) TTL-Compatible I/O 

Programmable Binary Timer: 
Interval Timer Mode 
Pulse Width Measurement Mode 
Event Counter Mode 

External Interrupt 

Crystal, LC, RC, or External Time Base 

Low Power (285 mW, Typical) 

Single +5V±10% Power Supply 

64 Additional Bytes of Executable RAM Addressable 

by Program or Data Counter 

Standby Option for Executable RAM 
Low Standby Power (8.2 mW) 
3.2 V Minimum Standby Supply Voltage 
No External Components Required to Trickle 
Charge Battery 



40-Pin DIP 








XTLiC 


1 ^^ 40 til Vdd 


XTLzC: 


2 


39 


ZJ RESET/RAMPRT 


POo/Vbb* C 


3 


38 


13 EXT INT 


POi/VsB* C 


4 


37 


IJpTo 


PO^C 


5 


36 


:Jv^^ 


p^c 


6 


35 


3P12 


STROBE C 


7 


34 


D^3 


mu: 


8 


33 


I}P56 


Mid 


9 


32 


Z2ps^ 


PAid^ 


10 


31 


I1P5J 


R3C 


11 


30 


ZJi^z 


P-^C 


12 


29 


UpsT 


P4iq 


13 


28 


um 


muz 


14 


27 


u^ 


P^'rC 


15 


26 


Z1^7 


po;d 


16 


25 


ZIPiT 


poic 


17 


24 


UPH 


po^C 


18 


23 


3Pis 


Mid 


19 


22 


ZlPu 


VssC 


20 


21 


Utest 



(Top View) 

* Programmable pin; function determined by device option (standard or 
standby mode). 



Signal Functions 

The functions of the F3872 inputs and outputs are 
described in Table 1. 
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Signal Functions 




__ } I/O PORT 4 



Device Organization 

This section describes the basic functional elements of 
the F3872 shown in Figures 1 and 2. 

l\/lain Control Logic 

The instruction register (IR) receives the operation code 
(op code) of the instruction to be executed from the 
program ROM via the data bus. During all op code 
fetches, eight bits are latched into the IR. Some 
instructions are completely specified by the upper four 
bits of the op code; in such instructions, the lower four 
bits are an immediate register address or an immediate 
4-bit operand. Once latched into the IR, the main control 
logic decodes the instruction and provides the necessary 
control gating signals to all circuit elements. 

ROM Address Registers 

There are four 12-bit registers associated with the 
program ROM of the F3872. (In the F3872-1, -2, and -3, the 
12-bit registers can address more memory space than is 
physically available on the chip; user caution is advised.) 
These are the program counter (PO), the stack register 
(P), the data counter (DC), and the auxiliary data counter 
(DC1). The program counter is used to address 
instructions or immediate operands. The stack register is 
used to save the contents of PO during an interrupt or 
subroutine call. Thus, P contains the return address at 
which processing is to resume upon completion of the 
subroutine or the interrupt routine. 

The data counter is used to address data tables. This 
register is autoincrementing. Of the two data counters, 
only DC can access the ROM. However, the XDC 
instruction allows DC and DC1 to be exchanged. 

Associated with the F3872 address registers is a 12-bit 
adder/incrementer. This logic element is used to 
increment PO or DC when required and is also used to 
add displacements to PO on relative branches or to add 
the data bus contents to DC in the add data counter 
(ADC) instruction. 

Program ROM 

The microcomputer program and data constants are 
stored in the program ROM, which may be 1024x8 
(F3872-1), 2048x8 (F3872-2), 3072 x 8 (F3872-3), 
or 4032 X 8 (F3872-4) bytes. When a ROM access is 
required, the appropriate address register (PO or DC) is 
gated onto the ROM address bus and the ROM output is 
gated onto the main data bus. The first byte in the ROM 
is location zero. 



i-68 



F3872/F38L72 



Table 1 Signal Functions 






Mnemonic 


Pin No. 


Name 


Description 


Device Control 








EXT INT 


38 


External 


Software-programmable input that is also used in conjunction with the 




39 


Interrupt 
External 


timer for pulse width measurement and event counting. 


RESET/ 


Input that, in standard operating mode, may be used to externally reset 


RAMPRT 




Reset/RAM 


the F3872. When pulled low, the F3872 resets; when then allowed 






Protect 


to go high, the F3872 begins program execution at program location 
H'OOOO'. 

When RAM standby mode is selected, may be used as RAM protect 
control. When pulled low, the RAM is disabled and, therefore, protected 
from any alterations during loss of Vqd- 


TEST 


21 


Test Line 


An input used only in testing the F3872. For normal circuit operation, 
TEST is left unconnected or grounded. 


Clock 








STROBE 


7 


Ready 


Normally high output that provides a single low pulse after valid data is 






Strobe 


present on the P4o-P47 pins during an output instruction. 


XTLi, 


1,2 


Tinne Base 


Inputs to which a crystal (1 MHz to 4 MHz), LC network, RC network, or 


XTL2 






external single-phase clock may be connected. 


PO0-PO7 


3-6, 8-19, 


I/O Ports 


Thirty-two bidirectional lines that can be individually used as either 


PI0-PI7 


22-37 




TTL-compatible inputs or latched outputs; POq and PO1 may also serve 


P4o-P47 






power outputs in standby mode. 


P55-P57 








Power 








Vbb 


3 


Substrate 


Substrate decoupling power pin that is used only when the standby 






Decoupling 


option is selected; a 0.01 /xF capacitor is required to provide substrate 
decoupling; alternative function of POq, which is the standard function. 


Vdd 


40 


Power 
Input 


+ 5 V± 10% power supply 


VSB 


4 


Standby 


The RAM standby power supply if the standby option ( + 5.5 V to + 3.2 

V) is 

selected; alternative function of PO1, which is the standard function. 






Power 


Vss 


20 


Ground 


Signal and power ground 
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Fig. 1 F3872 Architecture 
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STATUS REGISTER 



PROGRAM COUNTER 



STACK REGISTER 



DATA COUNTER 



DATA COUNTER 1 



1 PROGRAMMABLE TIMER I 



INTERRUPT LOGIC 



I 64 X 8 EXECUTABLE RAM I 



^F^ 




STROBE 



*Standby Mode Only. 



64 X 8 Executable RAI\/I 

The upper 64 bytes of the total memory of the F3872 is 
RAM. The first byte is at address 4032 decimal ('FCO' 
hexadecimal). As with the ROM, the RAM may be 
accessed by the PO and DC address registers. It may be 
written to via the store (ST) instruction, and it may be 
read from via the load (LM) instruction. Additionally, 
instructions may be executed from the RAM. A mask- 
programmable standby power option is available in which 
the 64x8 RAM remains powered and protected so that 
its contents are saved during a loss of the normal circuit 
power supply. 

Scratchpad and iSAR 

The scratchpad provides 64 8-blt registers that may be 
used as general-purpose RAM. The Indirect scratchpad 
address register (ISAR) is a 6-bit register used to address 
the 64 registers. All 64 registers may be accessed using 
the ISAR. In addition, the lower order 12 registers may 
also be directly addressed. 

The ISAR can be visualized as holding two octal digits. 
This division of the ISAR is important, since a number of 
instructions increment or decrement only the least 
significant three bits of the ISAR when referencing 



scratchpad bytes via the ISAR. This makes it easy to 
reference a buffer consisting of contiguous scratchpad 
bytes. For example, when the low-order octal digit is 
incremented or decremented, the ISAR is incremented 
from octal 27 to 20 or is decremented from octal 
20 to 27. This feature of the ISAR is very useful in 
many program sequences. All six bits of the ISAR 
may be loaded at one time, or either half may be 
loaded independently. 

Scratchpad registers 9 through 15 (decimal) are given 
mnemonic names (J, H, K, and Q) because of special 
linkages between these registers and other registers, 
such as the stack register. These special linkages 
facilitate the implementation of multi-level interrupts and 
subroutine nesting. For example, the instruction LR K, P 
stores the lower eight bits of the stack register in 
register 13 (K lower, or KL) and stores the upper four bits 
of P in register 12 (K upper, or KU). The scratchpad is not 
protected by the standby power option. 

Arithmetic and Logic Unit (ALU) 

After receiving commands from the main control logic, 
the ALU performs the required arithmetic or logic 
operations (using the data presented on the two input 
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Fig. 2 F3872 Block Diagram 
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REGISTER 
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C 
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TEST LOGIC 
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A 
V 



^ 



^ 



- Vdd-40 
-Vss-20 



- XTL2-I 
~ XTLi- 2 

- RESET-39 
-TEST-21 

► P^-3 
*► PO1-4 
*► POF-5 
»► PO3-6 
*► P04-19 
^ POi-18 

•► POF-ir 

^ PO7— 16 



A 



-^ PI0-37 

-^ PTr-36 
-*- P12-35 

-► PT3^34 
-► PT7-22 
-► PT5-23 
-► F16-24 
-^ PT7-25 



».P4o-8 
*► Wi— 9 
*- P42— 10 

- P4i-11 
•► P44— 12 
»► P45— 13 
•► P4^-14 
•> P4;-15 

- STROBE - 
»► Mo-33 
P' PS 1—32 
*► P52-31 

P53— 30 



JS: 



_^ -29 
- PS5-28 
' Pg-27 

P57— 26 



buses) and provides the result on the result bus. The 
arithmetic operations that can be performed in the ALU 
are binary add, decimal adjust, add with carry, 
decrement, and increment. The logic operations that can 
be performed are AND, OR, exclusive-OR, ones 
complement, shift right, and shift left. Besides providing 
the result on the result bus, the ALU also provides four 
signals presenting the status of the result. These 
signals, stored In the status register (W), represent the 



CARRY, OVERFLOW, SIGN, and ZERO conditions of the 
result of the operation. 

Accumulator 

The accumulator (AGO) Is the principal register for data 
manipulation within the F3872. The AGO serves as one 
input to the ALU for arithmetic or logical operation. The 
results of ALU operations are stored in the AGO. 



4-71 



F3872/F38L72 



Status Register 

The status register (also referred to as the W register) 
holds five status flags, as follows: 



i, i. ii il k 



-*— BIT NO. 
STATUS REGISTER (W) 

■ SIGN 

- CARRY 
-ZERO 

- OVERFLOW 

- INTERRUPT CONTROL BIT 



Summary of Status Bit 

OVERFLOW == CARR Y 7 © CA RRY q 

ZERO = ALU7 A ALUs A ALU5 A ALU4 

ALU3 A ALU2 ^ ALUi A ALUo 



CARRY 
SIGN 



= CARRY7 
= ALU7 



The interrupt control bit (ICB) of the status register may 
be used to allow or disallow interrupts in the F3872. This 
bit is not the same as the two interrupt enable bits in the 
interrupt control port (ICP). If the ICB is set and the 
F3872 interrupt logic communicates an interrupt request 
to the CPU section, the interrupt is acknowledged and 
processed upon completion of the first non-privileged 
instruction. If the ICB is cleared, an interrupt request is 
not acl<nowledged or processed until the ICB is set. 

I/O Ports 

The F3872 provides four complete bidirectional I/O ports; 
these are ports 0, 1,4, and 5. In addition, the interrupt 
control register is addressed as port 6 and the binary 
timer is addressed as port 7. An output instruction (OUT 
or OUTS) causes the contents of the ACC to be latched 
into the addressed port. An input instruction (IN or INS) 
transfers the contents of the port to the ACC (port 6 is 
an exception that is described later). The I/O pins on the 
F3872 are logically inverted. The schematic of an I/O pin 
and conceptual illustrations of available output drive 
options are shown in Figure 3. 



Fig. 3 I/O Port Diagram 



Vdd— A/vV^» 




1 kn TYPICAL 



STANDARD 
OUTPUT 



OPEN DRAIN 
OUTPUT 



DIRECT DRIVE 
OUTPUT 



Ports and 1 are standard output type only. 

Port s 4 and 5 may be any of the three output options, each pin individually assignable to any port. 

The STROB E output is always configured similar to a standard output, except that it is capable of driving three TTL toads. 

The RESET and EXT INT pins may have standard 6 kQ (typical) pull-up or may have no pull-up. 
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An output ready strobe is associated with port 4. This 
flag may be used to signal a peripheral device that the 
F3872 has just completed a single low pulse shortly after 
the output operation is completely finished, so either 
edge may be used to signal the peripheral. This STROBE 
signal may also be used to request new input 
information from a peripheral simply by doing a dummy 
output of H'OO' to port 4 after completing the 
input operation. 

Timer and interrupt Control Port 

The timer is an 8-bit binary down counter that is 
software-programmable to operate in one of three 
modes: the interval timer mode, the pulse width 
measurement mode, or the event counter mode; the timer 
characteristics are described in Table 2. As shown in 
Figure 4, associated with the timer is an 8-bit register 
called the interrupt control port, a programmable 
prescaler, and ih 8-bit modulo-N register; a functional 
logic diagram is shown in Figure 5. 



The desired timer mode, prescale value, starting and 
stopping the timer, active level of the EXT INT pin, and 
local enabling or disabling of interrupts are selected by 
outputting the proper bit configuration from the 
accumulator to the ICP (port 6) with an OUT or OUTS 
instruction. Bits within the ICP are defined as follows: 

Interrupt Control Port (Port 6) 

Bit 0— External Interrupt Enable 
Bit 1— Timer Interrupt Enable 
Bit 2— EXT INT Active Level 
Bit 3— Start/Stop Timer 
Bit 4— Pulse Width/Interval Timer 
Bit 5— -;- 2 Timer Prescale Values 
Bit 6— -i- 5 Timer Prescale Values 
Bit 7— -r 20 Timer Prescale Values 

A special situation exists when reading the ICP with an 
IN or INS instruction. The accumulator is not loaded with 




Tabie 2 Timer Cliaracteristics 



Characteristic 


Value 


interval Timer i\/lode 




Single Interval Error, Free-Running (Note 3) 


±6t<^ 


Cumulative Interval Error, Free-Running (Note 3) 





Error Between Two Timer Reads (Note 2) 


+ (tpsc + t</)) 


Start Timer to Stop Timer Error (Notes 1, 4) 


-H t<^ to - (tpsc + t<A) 


Start Timer to Read Timer Error (Notes 1, 2) 


-5t<^to -(tpsc + 7t0) 


Start Timer to Interrupt Request Error (Notes 1, 3) 


- 2t<A to - QX<f) 


Load Timer to Stop Timer Error (Note 1) 


+ t<Ato -(tpsc-i-2t<A) 


Load Timer to Read Timer Error (Notes 1, 2) 


- 5t0 to - (tpsc -1- 8t0) 


Load Timer to Interrupt Request Error (Notes 1, 3) 


- 2t</> to - 9t<A 


Pulse Width Measurement iVIode 


{ 


Measurement Accuracy (Note 4) 


+ X(j)Xo -(tpsc + 2t(A) 


Minimum Pulse Width of EXT INT Pin 


2t<A 


Event Counter iVlode 




Minimum Active Time of EXT INT Pin 


2t<^ 


Minimum Inactive Time of EXT INT Pin 


2t<A 



Definitions 

Error = indicated time value - actual time value 
tpsc = t<^x prescale value 

Notes 

1. All times that entail loading, starting, or stopping the timer are referenced from the end of the last machine cycle of the OUT or OUTS instruction. 

2. All times that entail reading the timer are referenced from the end of the last machine cycle of the IN or INS instruction, 

3. All times that entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate interrupt request 
latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multi-cycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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the contents of the ICP; instead, accumulator bits 
through 6 are loaded with zeros, while bit 7 is loaded 
with the logic level being applied to the EXT INT pin, 
thus allowing the status of the EXT INT pin to be 
determined without the necessity of servicing an external 
interrupt request. This capability is useful in establishing 
a high-speed, polled handshake procedure or for using 
EXT INT as an extra input pin if external interrupts are 
not required and the timer is used only in the interval 
timer mode. 

The rate at which the timer is clocked in the interval 
timer mode is determined by the frequency of an internal 
(/> clock and by the division value selected for the 
prescaler. (The internal clock operates at one-half the 
external time base frequency.) If ICP bit 5 is set and bits 

6 and 7 are cleared, the prescaler divides </> by 2. 
Likewise, if bit 6 or 7 is individually set, the prescaler 
divides by 5 or 20, respectively. Combinations of bits 5, 
6, and 7 may also be selected. For example, if bits 5 and 

7 are set while bit 6 is cleared, the prescaler divides by 
40. Thus, possible prescaler values are: -h 2, -i- 5, h- 10, 
H-20, ^40, -^100, and -200. 

Any of three conditions cause the prescaler to be 
reset: whenever the timer is stopped by clearing ICP 
bit 3, on execution of an output instruction to port 7 (the 
timer is assigned port address 7), or on the trailing edge 
transition of the EXT INT pin when in the pulse width 
measurement mode. These last two conditions are 
explained in the following paragraphs. 



An OUT or OUTS instruction to port 7 loads the contents 
of the accumulator into both the timer and the 8-bit 
modulo-N register, resets the prescaler, and clears any 
previously stored timer interrupt request. As previously 
noted, the timer is an 8-bit down counter that is clocked 
by the prescaler in the interval timer mode and in the 
pulse width measurement mode. The prescaler is not 
used in the event counter mode. The modulo-N register 
is a buffer whose function is to save the value that was 
most recently output to port 7. The modulo-N register is 
used in all three timer modes. 

Interval Timer Mode — When ICP bit 4 is cleared (logic 0) 
and at least one prescale bit is set, the timer operates in 
the interval timer mode. When bit 3 of the ICP is set, the 
timer starts counting down from the modulo-N value. 
After counting down to H '01 ', the timer returns to the 
modulo-N value at the next count. On the transition from 
H'01 ' to H'N', the timer sets a timer interrupt request 
latch. Note that the interrupt request latch is set by the 
transition of H 'N ' in the timer, thus allowing a full 256 
counts if the modulo-N register is preset to H'OO'. If bit 
1 of the ICP is set, the interrupt request is passed to the 
CPU section of the F3872. However, if bit 1 of the ICP is 
a logic 0, the interrupt request is not passed, but the 
interrupt request latch remains set. If ICP bit 1 is 
subsequently set, the interrupt request is then passed to 
the CPU. Only two events can reset the timer interrupt 
request latch: when the timer interrupt request is 
acknowledged by the CPU, or when a new load of the 
modulo-N register is performed. 



Fig. 4 Timer and Interrupt Control Port Block Diagram 
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Fig. 5 Timer/Interrupt Functional Diagram 
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Consider an example in which the modulo-N register 
is loaded with H'64' (decimal 100). The timer interrupt 
request latch is set at the 100th count following the 
timer start, and the timer interrupt request latch is 
repeatedly set on precise 100-count intervals. If the 
prescaler is set at -4-40, the timer interrupt request 
latch is set every 4000 clock periods. For a 2 MHz 
(f> clock (4 MHz time base frequency), this produces 
2 ms intervals. 

The range of possible intervals is from 2 to 51,200 
clock periods (1 /aS to 25.6 ms for a 2 MHz clock). 
However, approximately 50 periods is a practical 
minimum because the time between setting the interrupt 
request latch and the execution of the first instruction of 
the interrupt service routine is at least 29 <f) periods (the 
response time is dependent upon how many privileged 
instructions are encountered when the request occurs). 
To establish time intervals greater than 51,200 clock 
periods is simply a matter of using the timer interrupt 
service routine to count the number of interrupts, saving 
the result in one or more of the scratchpad registers 
until the desired interval is achieved. With this 
technique, virtually any time interval, or several time 
intervals, may be generated. 

The timer may be read at any time and in any mode using 
an input instruction (IN 7 or INS 7); this may take place 
on-the-fly without interfering with normal timer operation. 
The timer may also be stopped at any time by clearing 
bit 3 of the ICP. The timer holds its current contents 
indefinitely and resumes counting when bit 3 is again 
set. The prescaler, however, is reset whenever the timer 
is stopped; thus, a series of starts and stops results in a 
cumulative truncation error. 

For a free-running timer in the interval timer mode, the 
time interval between any two interrupt requests may be 
in error by ±6 <A clock periods, although the cumulative 
error over many intervals is zero. The prescaler and timer 
generate precise intervals for setting the timer interrupt 
request latch, but the time-out may occur at any time 
within a machine cycle. (There are two types of machine 
cycles: short cycles that consist of four clock periods, 
and long cycles that consist of 6 clock periods.) In the 
multi-chip F8 family, there is a signal referred to as the 
write clock, which corresponds to a machine cycle. 
Interrupt requests are synchronized with the internal 
write clock, thus giving rise to the possible ±60 error. 
Additional errors may arise due to the interrupt request 
occurring while a privileged instruction or multi-cycle 
instruction is being executed. Nevertheless, for most 
applications, all of the above errors are negligible, 
especially if the desired time interval is greater than 
1 ms. 



Pulse Width Measurement Mode — When ICP bit 4 is set 

(logic 1) and at least one prescale bit is set, the timer 
operates in the pulse width measurement mode. This • 
mode is used for accurately measuring the duration of a 
pulse applied to the EXT INT pin. The timer is stopped 
and the prescaler is reset when the EXT INT pin is at its 
inactive level. The active level of EXT INT is defined by 
ICP bit 2: If cleared, EXT INT Is active-low; if set, EXT 
INT is active-high. If ICP bit 3 is set, the prescaler and 
timer start counting when EXT INT transfers to the active 
level. When EXT INT returns to the inactive level, the 
timer stops, the prescaler resets, and, if ICP bit is set, 
an external interrupt request latch is set. (Unlike timer 
interrupts, external interrupts are not latched if the ICP 
interrupt enable bit is not set.) 

As in the interval timer mode, the timer may be read at 
any time, or may be stopped at any time by clearing ICP 
bit 3, the prescaler and the ICP bit 1 function as 
previously described; the timer still functions as an 8-bit 
binary down counter with the timer interrupt request 
latch being set on the timer's transition from H'01 ' to 
H'N' (modulo-N value). Note that the EXT INT pin has 
nothing to do with loading the timer; its action is that of 
automatically starting and stopping the timer and of 
generating external interrupts. Pulse widths longer than 
the prescaler value times the modulo-N value are easily 
measured by using the timer interrupt service routine to 
store the number of timer interrupts in one or more 
scratchpad registers. 

As for accuracy, the actual pulse duration is typically 
slightly longer than the measured value because the 
status of the prescaler Is not readable and is reset when 
the timer Is stopped. Thus, for maximum accuracy, it Is 
advisable to use a small-division setting for the 
prescaler. 

Event Counter Mode — When ICP bit 4 is cleared and all 
prescale bits (ICP bits 5, 6, and 7) are cleared, the timer 
operates in the event counter mode. This mode is used 
for counting pulses applied to the EXT INT pin. If ICP bit 
3 is set, the timer decrements on each transition from 
the inactive level to the active level of the EXT INT pin. 
The prescaler is not used in this mode but, as in the 
other two timer modes, the timer may be read at any 
time, or may be stopped at any time by clearing ICP bit 
3; ICP bit 1 functions are previously described, and the 
timer interrupt request latch is set on the timer's 
transition from H'01 ' to H'N' (modulo-N value). 

Normally, ICP bit should be kept cleared in the event 
counter mode; otherwise, external interrupts are 
generated on the transition from the inactive level to the 
active level of the EXT INT pin. 
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For the event counter mode, the minimum pulse width 
required on the EXT INT pin is 2 ^ clock periods, and the 
minimum inactive time is 2 clock periods; therefore, 
the maximum repetition rate Is 500 Hz. 

External Interrupts 

When the timer is in the interval timer mode, the EXT INT 
pin is available for non-timer-related interrupts. If ICP bit 
is set, an external interrupt request latch Is set when 
there is a transition from the inactive level to the active 
level of the EXT INT pin (EXT INT is an edge-triggered 
input). The interrupt request is latched until either 
acknowledged by the CPU or ICP bit Is cleared (unlike 
timer interrupt requests, which remain latched even when 
ICP bit 1 is cleared). External interrupts are handled in 
the same fashion when the timer is in the pulse width 
measurement mode or in the event counter mode, except 
that in the pulse width measurement mode the external 
interrupt request latch is set on the trailing edge of the 
EXT INT input; that is, on the transition from the active 
level to the inactive level. 

Interrupt Handling 

When either a timer or an external interrupt request is 
communicated to the CPU section of the F3872, it is 
acknowledged and processed at the completion of the 
first non-privileged instruction if the interrupt control bit 
of the status register is set. If the interrupt control bit is 
not set, the interrupt request continues either until the 
interrupt control bit is set and the CPU acknowledges 
the Interrupt or until the interrupt request is cleared as 
previously described. 

If there are a timer interrupt request and an external 
interrupt request when the CPU starts to process the 
requests, the timer interrupt Is handled first. 

When an interrupt is allowed, the CPU requests that the 
interrupting element pass its interrupt vector address to 
the program counter via the data bus. The vector address 
for a timer interrupt is H '20'; the vector address for an 
external interrupt is H 'OAO'. After the vector address is 
passed to the program counter, the CPU sends an 
acknowledge signal to the appropriate interrupt request 
latch, which clears that latch. The execution of the 
interrupt service routine then commences. The return 
address of the original program is automatically saved in 
the stack register, P. 

Power-On Clear 

The F3872 contains power-on clear circuitry to 
automatically reset the internal logic following the 
application of external power. Since many variations 
of power supply circuitry exist, Fairchlld cannot 



guarantee that the power-on clear will operate under 
every power-up condition. 

The power-on clear circuitry contains on-chip sensors to 
monitor various conditions. The following conditions 
must be satisfied before the power-reset sequence Is 
allowed to start: 

1. Supply voltage must be above a certain value, typically 
+ 3 V to + 4 V. 

2. The clocks of the device must be functioning. 

3. The substrate bias must reach a certain level. 

All three conditions must be met before the power-on 
clear circuitry initiates a reset cycle. However, these 
conditions can be satisfied even with a supply voltage of 
as low as 3 volts. The latest versions of the F3872 have a 
modified delay circuit that gives a typical delay of 500 fis 
(with a 4 MHz crystal) after the above conditions are met. 
This is an improvement over the earlier F3872 versions. 

Since the F3872 is only guaranteed to operate at a 
supply voltage of 4.5 V or greater, the user must ensure 
that the supply voltage is at least 4.5 V when the F3872 
initiates the reset cycle. For power supplies having a 
slow rise time, an external RC network can be converted 
to the external reset input of the F3872 to hold the 
device in a reset state long enough to allow the power 
supply to reach a voltage of 4.5 V. 



EXTERNAL RESET 




External Reset 



When the RESET input is low, the contents of the 
program counter are pushed to the stack register and the 
program counter and the ICB of the status register are 
cleared. The original stack register contents are lost. As 
with power-on clear, ports 4, 5, 6, and 7 are loaded with 
H '00'. The conten ts of al l other registers and ports are 
unchanged. When RESET is high, the first program 
instruction is fetched from ROM location H'OOOO'. 

Test Logic 

Special test logic Is implemented to allow access to the 
internal main data bus for test purposes. 
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In normal operation, the TEST pin is unconnected or is 
connected to ground. When TEST is placed at a level of 
from 2.8 V to 3.0 V, port 4 becomes an output of the 
internal data bus and port 5 becomes a wired-OR input to 
the internal data bus. The data appearing on the port 4 
pins is logically true, whereas input data forced on port 5 
must be logically false. When TEST is placed at a high 
level (8.8 V to 9.0 V), the ports act as described above 
and, additionally, the program ROM is prevented from 
driving the data bus. In this mode, operands and 
instructions may be forced externally through port 5 
instead of being accessed from the program RO M. When 
TEST Is in either the TTL state or the high state, STROBE 
ceases its normal function and becomes a cycle clock 
(identical to the F8 multi-chip system write clock, except 
inverted). 

Timing complexities render the capabilities associated 
with the TEST pin impractical for use in a user 
application, but these capabilities are sufficient to 
enable Fairchlld to implement a rapid method for 
thoroughly testing the F3872. 

Standby Power Option 

If the standby power option is not selected, bits and 1 
of port can be read from and written to. If the standby 
power-down option is selected, port bit 1 is readable 
only; bit remains both readable and writeable via 
software, although it is not connected to a package lead. 
The standby power source (Vsb) is connected to pin 4. (A 
0.01 fiF capacitor must be connected to pin 3; the 
purpose of this capacitor is to decouple noise coupled to 
the substrate of the circuit when Vqd 's switched off and 
on.) Nickel-cadmium batteries (typical voltage of three 
series cells is 3.6 V) are recommended for use as the 
standby power source, since the F3872 can automatically 
trickle charge three such cells. If more than three cells in 
series are used, a charging ci rcuit must be pro vided 
outside the F3872. When the RESET/RAM PRT pin is 
brought low, the standby RAM (64 8-bit words in PO/DC 
address spaces 4032 to 4096io, or FCOie to FFFie) "s 
disabled from being read from or written to. The RAM 
itself is also switched from Vdd power to the Vsb power. 



Two modes are recommended for powering down. In the 
first mode (see Figure 6A), the processor must be 
interrupted early enough to save all necessary data 
before the Vcc fal ls below the min imum level. After the 
save is done, the RESET/RAMPRT pin can fall. This 
prevents any further RAM accesses; Vqd nriay then fall. 

The second mode (see Figure 6B) may be used if a 
special save data routine is not needed. External 
interrupt need not be used , and the only requirement to 
save the RAM data is that RAMPRT be low for Vqd drops 
below 4.5 V. For example, if a few key variables are to be 
stored in power-down RAM and It is desired that these 
be saved during a loss of power, two copies of each 
variable are kept with an associated flag in the power- 
down RAM; thus, no interrupt and save routine is 
necessary. The method of updating a variable is 
as follows: 

Clear Flag Word 1 
Update Variable (Copy 1) 
Set Flag Word 1 
Clear Flag Word 2 
Update Variable (Copy 2) 
Set Flag Word 2 

Execution may terminate at any time, even during the 
update of a variable of flag word, causing that byte in 
scratchpad to be "bad" data. There is always a "good" 
data byte that contains either the most recent or next- 
most recent value of the variable. Any copy of the 
variable in which the flag word is set is a good data byte. 
While this method significantly encumbers the data 
storage process, it eliminates the need for a power fail 
interrupt, which reduces external circuitry and leaves the 
external interrupt pin completely free for other uses. 



In either power-down mode, the RESET/RAMPRT signal 
should be held low until Vqd 's above the minimum level 
when power returns. 
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Fig. 6 Standby Power Option IVIodes 
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F3872 Clocks 

The time bases for the F3872 may originate from one of 
four external sources; the four external configurations 
are shown in Figure 7. There is an Internar26.5 pF 
capacitor between XTLi and GND, and also between 
XTL2 and GND. Thus, external capacitors are not 
required. In all external clock modes, the external time 
base frequency is divided by 2 to form the internal 
<|> clock. 

instruction Set 

The F3872 executes the entire instruction set of the 
multi-chip F8 family (F3850 family), as shown in Table 3. 
Of course, the STORE instruction only accesses memory 
in locations FFO-FFF (the data counter, however, is 
incremented each time STORE is executed). 

A summary of programmable registers and ports is given 
in Figure 8. 

Also, for convenient reference, a programming model of 
the F3872 Is given in Figure 9. 

iVIasIc Options 

The ROM array may contain object program code and/or 
tables of nonvarying data. Every F3872 is implemented 
using a custom mask that specifies the state of every 
ROM bit, as well as certain address mask options that 
are external to the ROM array. The following mask 
options are specified: 

1. The 1024, 2048, 3072, or 4096 bytes of ROM storage. 
This reflects programs and permanent data tables 
stored in the PSU memory. 

2. Input/output ports can be any of the following three 
configurations: 

a. Standard pull-up 

b. Open drain 

c. Direct drive 

3. Input/output ports and 1 can be specified either 
cleared or unaltered following an external reset. 

4. External interrupt and external reset can be specified 
to have or omit an internal pull-up resistor. 

5. The I/O port output option choices are: the standard 
pull-up (option A), the open drain (option B), and the 
driver pull-up (option C). 

The format for mask options must be submitted to 
Fairchlld Microprocessor Division before device 
manufacture. The data to be stored in permanent 
memory may be submitted in the form of an EPROM or 



Fig. 7 F3872 Clock Configurations 
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f = 3.0 MHz±10% 



HP2644/HP2645 cartridge (Formulator format only). Other 
options must be specified on the Fairchlld ROM Code 
Entry Form, available from a Fairchlld representative. 

Supplementary Notes 

For total software compatibility when expanding into a 
multi-chip configuration, the F3871 Peripheral 
Input/Output circuit should be used. The F3871 has the 
same improved timer (binary count, readable, and three 
modes of operation) and ready strobe outputs as 
the F3872. 

The interrupt control bit of the status register is 
automatically reset when an interrupt request is 
acknowledged. It is then the programmer's responsibility 
to determine when the ICB is again to be set (by 
executing the E1 instruction). This action prevents an 
interrupt service routine from being interrupted unless 
the programmer so desires. 
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Table 3 F3872 Instruction Set 



Accumulator Group Instructions 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Carry 


LNK 




ACC~(ACC)+CRY 


19 


1 


1 


1/0 


1/0 


1/0 


1/0 


Add Immediate 


Al 


ii 


ACC-(ACC)+ H'ii' 


24 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


AND Immediate 


Nl 


ii 


ACC-(ACC)AH'ii' 


21 ii 


2 


2.5 





1/0 





1/0 


Clear 


CLR 




ACC-H'OO' 


70 


1 


1 










Compare Immediate 


CI 


ii 


H'ii' + (ACC)+1 


25 ii 


2 


2.5 


1/0 


1/0 


1/0 


1/0 


Complement 


COM 




ACC~(ACC)ffiH'FF' 


18 


1 


1 





1/0 





1/0 


Exclusive OR Immediate 


XI 


ii 


ACC-(ACC)®H'ii' 


23 ii 


2 


2.5 





1/0 





1/0 


Increment 


INC 




ACC--(ACC)+1 


IF 


1 


1 


1/0 


1/0 


1/0 


1/0 


Load Immediate 


LI 


ii 


ACC-H'ii' 


20 ii 


2 


2.5 


— 


~ 


^ 


— 


Load Immediate Short 


LIS 


i 


ACC-H'Oi' 


7 i 


1 


1 


— 


— 


— 


— 


OR Immediate 


01 


ii 


ACC-(ACC)VH'ii' 


22 ii 


2 


2.5 





1/0 





1/0 


Shift Left One 


SL 


1 


SHIFT LEFT 1 


13 


1 


1 





1/0 





1/0 


Shift Left Four 


SL 


4 


SHIFT LEFT 4 


15 


1 


1 





1/0 





1/0 


Shift Right One 


SR 


1 


SHIFT RIGHT 1 


12 


1 


1 





1/0 





1 


Shift Right Four 


SR 


4 


SHIFT RIGHT 4 


14 


1 


1 





1/0 





1 



Branch Instructions 

(In All Conditional Branches, PO (P0)+ 2 if the Test Conditions Are Not Met. Execution Is Complete in 30 Cycles.) 





Mnemonic 
opcode 


Operand 




















Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


Function 


OVF 


ZERO 


CRY 


SIQN 


Branch on Carry 


BC 


aa 


PO-[(PO)+ 1]+ H'aa' if CRY= 1 


82 aa 


2 


3.5 


_ 


_ 


— 


-^ 


Branch on Positive 


BP 


aa 


P0^I(P0)+1]+H'aa'if SIGN = 1 


81 aa 


2 


3.5 


— 


— 


— 


^ 


Branch on Zero 


BZ 


aa 


P0-l(P0)+11+ H'aa' if ZERO =1 


84 aa 


2 


3.5 


— 


— 


— 


— 


Branch on True 


BT 


t,aa 


PO>-[(PO)+ 1]+ H'aa' if any test is true 


8taa 


2 


3.5 


— 


— 


— 


— 




BM 


aa 




t = TEST CONDITION 




91 aa 


2 


3.5 














22 


2^ 


20 








ZERO 


CRY 


SIGN 




Branch if Negative 


PO^[(F 


'0)+1]+H'aa'if SIGh 


J = 


_ 


Branch if No Carry 


BNC 


aa 


PO-[(PO)+ 1]-i- H'aa' if CARRY 9^0 


92 aa 


2 


3.5 


— 


— 


— 


~ 


Branch if No Overflow 


BNO 


aa 


P0>-[(PO)+1]+H'aa' if OVF = 


98 aa 


2 


3.5 


— 


— 


— 


— 


Branch if Not Zero 


BNZ 


aa 


PO~[(PO)+ 1]+ H'aa' if ZERO = 


94 aa 


2 


3.5 


— 


— 


— 


— 


Branch if False Test 


BF 


t,aa 


P0-[(P0)+1]H- H'aa' if all false test bits 


9taa 


2 


3.5 


- 


- 


- 


- 




BR7 


aa 




t = TEST CONDITION 




8Faa 


2 


2.5 














23 


22 


2^ 


20 








OVF 


ZERO 


CRY 


SIGN 




Branch if ISAR (Lower) 7 


PO- 


[(P0)+1]+H'aa'if ISARL:^7 




-^ 








P0^(P0)+2if ISARL=7 






2.0 


— 


~ 


— 


„ 


Branch Relative 


BR 


aa 


P0-[(PO)+1]+H'aa' 


90 aa 


2 


3.5 


— 


— 


^ 


— , 


Jump* 


JMP 


aaaa 


PO-H'aaaa' 


29 aaaa 


3 


5.5 


— 


— ■ 


— 


— 



Memory Reference Instructions (In All Mennory Reference Instructions, the Data Counter Is Incremented DC*-DC*1.] 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Binary 


AM 




ACC-(ACC)+[(DC)] 


88 




2.5 


1/0 


1/0 


1/0 


1/0 


Add Decimal 


AMD 




ACC-(ACC)+[(DC)] 


89 




2.5 


1/0 


1/0 


1/0 


1/0 


AND 


NM 




ACC~(ACC) A [(DC)] 


8A 




2.5 





1/0 





1/0 


Compare 


CM 




[(DC)]+(ACC)+1 


8D 




2.5 


1/0 


1/0 


1/0 


1/0 


Exclusive OR 


XM 




ACC>-(ACC)®((DC)] 


80 




2.5 





1/0 





1/0 


Load 


LM 




ACC-KDC)] 


16 




2.5 


— 


— 


— 


— 


Logical OR 


OM 




ACC>-(ACC) V [(DCl) 


8B 




2.5 





1/0 





1/0 


Store 


ST 




(DC)>-(ACC) 


17 




2.5 


— 


— 


— 


— 



'Privileged instruction 

Note 

JMP and Pj change accumulator contents to the high byte address. 
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Table 3 F3872 Instruction Set (Cont.) 



Address Register Group instructions 




















Mnemonic 
opcode 


Operand 


Function 


Macliine 
Code 


Bytes 


Cycies 


Status Bits 


Ot>eration 


OVF 


ZERO 


CRY 


SIGN 


Add to Data Counter 


ADC 




DC-(DC)+(ACC) 


8E 




2.5 


_ 


_ 


_ 


_ 


Call to Subroutine 


PK* 




P-(PO); P0U-(r12); PL^(r13) 


OC 




4 


— 


— 


— , 


— 


Call to Subroutine Immediate 


PI* 


aaaa 


P^(P);PO^H'aaaa't 


28 aaaa 




6.5 


— 


— 


— 


— 


Exchange DC 


XDC 




DC— DC1 


2C 




2 


— 


— 


— 


— 


Load Data Counter 


LR 


DC,Q 


DCU-(r14); DCL>-(r15) 


OF 






— 


— 


— 


— . 


Load Data Counter 


LR 


DC,H 


DCU-(r10); DCL^(r11) 


10 






— 


— 


— 


— 


Load DC Immediate 


DC! 


aaaa 


DC- H 'aaaa' 


2A aaaa 






_. 


— 


— 


— 


Load Program Counter 


LR 


PO,Q 


P0U-(r14); P0L-(r15) 


OD 






— 


— 


— , 


— 


Load Stack Register 


LR 


P,K 


PU-(r12); PL-(r13) 


09 






— 


— 


— 


— 


Return From Subroutine 


POP* 




PO-(P) 


1C 






— 


— 


■ , — 


— , 


Store Data Counter 


LR 


Q.DC 


r14-(DCU); r15-(DCL) 


OE 






— 


— 


— 


— ■ 


Store Data Counter 


LR 


H,DC 


r10-(DCU);r11-(DCL) 


11 






_ 


— 


— 


— 


Store Stack Register 


LR 


K,P 


r12-(PU); r13>-(P) 


08 






— 


— 


- 


— 



Scratclipad Register Instructions (Refer to Scratchpad Addressing Modes.) 


















Mnemonic 
OP Code 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Add Binary 


AS 


r 


ACC>-(ACC)+(r) 


Cr 




1 


i/0 


1/0 


1/0 


1/0 


Add Decimal 


ASD 


r 


ACC-(ACC)+(r) 


Dr 




2 


1/0 


1/0 


1/0 


1/0 


Decrement 


DS 


r 


r-(r)+H'FP 


3r 




1.5 


1/0 


1/0 


1/0 


1/0 


Load 


LR 


A,r 


ACC~-(r) 


4r 






— 


— , 


— 


— 


Load 


LR 


A,KU 


ACC-(r12) 


00 


1 




— 


— 


— 


— , 


Load 


LR 


A,KL 


ACC-(r13) 


01 






— 


— 


— , . 


— 


Load 


LR 


A,QU 


ACC-(r14). 


02 






— 


— 


— 


— 


Load 


LR 


A,QL 


ACC-(r15) 


03 






— 


— 


— 


— 


Load 


LR 


r,A 


r>-(ACC) 


5r 






— 


— 


— 


— 


Load 


LR 


KU,A 


r12>-(ACC) 


04 






— 


— 


— 


— 


Load 


LR 


KL,A 


r13-(ACC) 


05 






— 


— 


— 


— 


Load 


LR 


QU.A 


r14>-(ACC) 


06 






— 


— 


— 


— 


Load 


LR 


QUA 


r15-(ACC) 


07 






— 


— 


— 


— 


AND 


NS 


r 


ACC-(ACC)A(r) 


Fr 









1/0 





1/0 


Exclusive OR 


XS 


r 


ACC-(ACC)®(r) 


Er 









1/0 





1/0 



Miscellaneous Instructions 





Mnemonic 
opcode 


Operand 


Function 


Machine 
Code 


Bytes 


Cycles 


Status Bits 


Operation 


OVF 


ZERO 


CRY 


SIGN 


Disable Interrupt 


Dl 




RESET ICB 


1A 




2 


— 


— 


— 


- 


Enable; Interrupt* 


El 




SET ICB 


IB 




2 


— 


— 


— 


— 


Input 


IN 


aa 


ACC-(INPUTPORTaa) 


26 aa 




4 





1/0 





1/0 


Input Short 


INS 


a 


ACC-(INPUT PORT a) 


Aa 




4*** 





1/0 





1/0 


Load ISAR 


. LR 


IS,A 


ISAR^(ACC) 


OB 




1 


— 


— 


— 


— 


Load ISAR Lower 


LISL 


a 


ISARL-a 


01101a** 




1 


— 


— 


— 


— 


Load ISAR Upper 


LISU 


a 


ISARU^a 


01100a** 




1 


— 


— 


— 


— 


Load Status Register* 


LR 


W,J 


W^(r9) 


ID 




2 


1/0 


1/0 


1/0 


1/0 


No-Operation 


NOP 




P0-(P0)-i-1 


2B 




1 


— ■ 


— ' 


— 


— 


Output 


OUT 


aa 


OUTPUT PORT aa-(ACC) 


27 aa 


2 


4 


— 


— 


— 


— 


Output Short 


OUTS 


a 


OUTPUT PORT a^(ACC) , 


Ba 




4*** 


— 


— 


— 


— 


Store ISAR 


LR 


A.IS 


ACC-(ISAR) 


OA 




1 


— . 


— 


— 


— 


Store Status Register 


LR 


J,W 


r9^(W) 


IE 




1 


— 


— 


— 


- 



*Privileged instruction 
**3-bit octal digit 

***Two machine cycles for CPU ports 
^Contents of ACC destroyed 
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Table 3 F3872 Instruction Set (Cont.) 

Notes 

Each lower case character represents a hexadecimal digit. 

Each cycle equals four machine clock periods. 

Lower case denotes variables specified by the programmer. 



Function Definitons 

— is replaced by 

the contents of 
binary ones complement of 
arithmetic add (binary or decimal) 
logical OR exclusive 
logical AND 
logical OR inclusive 
hexadecimal digit 



( ) 
(-) 



A 
V 
H'# 



Register Names 

a address variable 

A accumulator 

DC data counter (indirect address register) 

DC1 data counter #1 (auxiliary data counter) 

DCL least significant eight bits of data counter addressed 

DCU most significant eight bits of data counter addressed 

H scratchpad register #10 and #11 

i and ii immediate operand 

ICB interrupt control bit 

IS indirect scratchpad address register 

ISAR indirect scratchpad address register 

ISARL least significant three bits of ISAR 

ISARU most significant three bits of ISAR 



J scratchpad register #9 

K registers #12 and #13 

KL register #13 

KU register #12 

PO program counter 

POL least significant eight bits of program counter 

POU most significant eight bits of program counter 

P stack register 

PL least significant eight bits of program counter 

PU most significant eight bits of active stack register 

Q registers #14 and #15 

QL register #15 

QU register #14 

r scratchpad register (any address through 11) 

W status register 

Scratchpad Addressing IModes (Machine Code Format) 

r= C (hexadecimal) register addressed by ISAR (unmodified) 

r= D (hexadecimal) register addressed by ISAR; ISARL incremented 

r= E (hexadecimal) register addressed by ISAR; ISARL decremented 

r= F (no operation performed) 

r= O-B (hexadecimal) register through 11 addressed directly from the 
instruction 

Status Register 

— no change in condition 

1/0 is set to 1 or 0, depending on conditions 

CRY carry flag 




When reading the interrupt control port (port 6), bit 7 of 
the accumulator is loaded with the actual logic level 
being applied to the EXT INT pin, regardless of the 
status of ICP bit 2 (the EXT INT active level bit); that is, if 
the EXT INT pin is at +5 V, bit 7 of the accumulator is 
set to a logic 1, but if the EXT INT pin is at ground, 
accumulator bit 7 is reset to logic 0. 

In Table 3, the number of cycles shown is "nominal 
machine cycles." A nominal machine cycle is defined as 
4 clock periods, thus requiring 2 ^s for a 2 MHz clock 
frequency (4 MHz external time base frequency). 

Table 3 also uses the following nomenclature for 
register names: 



F8 — F3872 
PCo= PO 
PCi= P 
DCo= DC 
DCi= DC1 



Program Counter 
Stack Register 
Data Counter 
Auxiliary Data Counter 



This nomenclature is used to be consistent with the 
assembly language mnemonics. 



For the F3872, execution of an INS or OUTS instruction 
requires two machine cycles for ports and 1, whereas 
ports 4 and 5 require four machine cycles. 

When an external reset of the F3872 occurs, PO pushes 
into P and the old contents of P are lost. It must be 
noted that an external reset is recognized at the start of 
the machine cycle and not necessarily at the end of an 
instruction. Thus, if the F3872 is executing a multi-cycle 
instruction, that instruction is not completed and the 
contents of P upon reset may not necessarily be the 
address of the instruction that would have been 
executed next. It may, for example, point to an 
immediate operand if the reset occurred during the 
second cycle of an L1 or C1 instruction. Additionally, 
several instructions (J MP, P1, PK, LR, PO and Q) as well 
as the interrupt acknowledge sequence modify PO in 
parts. That is, they alter PO by loading first one part, then 
the other, and the entire operation takes more than one 
cycle. Should reset occur during this modification 
process, the value pushed into P is part of the old PO 
(the as-yet unmodified part) and part of the new PO 
(already-modified part). Thus, care should be taken 
(perhaps by external gating) to ensure that reset does not 
occur at an undesirable time if any significance is to be 
given to the contents of P after a reset occurs. 
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Fig. 8 Programmable Registers and Ports 
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REGISTER W 
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AUX DATA 
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DATA 
COUNTER 



STACK 
REGISTER 



PROGRAM 
COUNTER 



BINARY 
TIMER 



INTERRUPT 

CONTROL 

PORT 



PORT 7 


7 







PORT 6 



7 







I/O PORT 




I/O PORT 1 




I/O PORT 4 




I/O PORT 5 



■ STROBE 
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Fig. 9 Programming Model 



00 



PROGRAM 
ROM 



"FCO"H 
"FFF"H 



INT. VECTOR 



J 



f > XPC 



DATA COUNTER 
STACK REG 



H 



5 4 3, ,2 1 



1^ 








SI 


1 1l 


2 




2 


3 




3 


4 




4 


5 




5 


6 




6 


7 




7 


8 




10 


9 




11 


A 




U 12 


B 




L 13 


C 

D 




U 14 




L 15 


E 




U 16 


F 




L 17 


10 




20 


11 




21 


r " — 1 


3C 




74 


30 




75 


3E 




76 


3F 




77 



NS _, 

xs f^ 

ASD 



ACCUMULATOR 



EXTERNAL INTERRUPT 
INPUT (-SV = LOGIC 1) 



RESET transfers P09 to P and 
then clears PC, ICB bit of W, 
and ports 4, 5, 6, and 7. 



* Tt>ese instructions set status 

* The value of the external interrupt input is loaded to 
bit 7 of the accumulator (with bits through 6 loaded 
with zeros) when the instruction 'INS 6' is executed. 
This instruction also sets status. 

+ + PO, P, DC, and DC1 are 12-bit registers. 



OUTS P, (P 0.1,4.5) 



INS P. (P 0,1,4,5) 



PORTS 

(4) 



5 V VOLTS 

LOGIC 

ON I/O 

PINS 



AM* 
AMD 



PROGRAM 
ROM 



00 

to 



CO 

00 



■Nl 



Note: 

The instructions PI and PK are shown in two sequential parts (PI1, PI2, and PK1, PK2). 
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Timing Characteristics 

The F3872 timing characteristics are described in Table 4 
and illustrated In Figures 10 and 11. 



Table 4 Timing Characteristics 



Signal 


Symbol 


Characteristic 


Min 


Max 


Unit 


Notes 


XTLi 
XTL2 


. to(EX) 


Time Base Period, All External Modes 


250 


1000 


ns 




tEx(H) 


External Clock Pulse Width, High 


90 


700 


ns 


4 MHz-1 MHz 




tEx(L) 


External Clock Pulse Width, Low 


100 


700 


ns 







U 


Internal <^ Clock Period 


2t0 






WRITE 


tw 


Internal WRITE Clock Period 


4t0 
6t0 




Short Cycle 
Long Cycle 


I/O 


^dl/O 


Output Delay from Internal WRITE Clock 





1000 


ns 


50 pF Plus One 
TTL Load 




Ul/0 


Input Setup Time to WRITE Clock 


1000 




ns 






^l/OS 




3t0 
-1000 


3t0 
+ 250 


ns 






Output Valid to STROBE Delay 


Note 1 


STROBE 




tsL 




8t0 
-250 


12tA 
+ 250 


ns 






STROBE Low Time 






^RH 




6t0 
+ 750 




ns 




RESET 


RESET Hold Time, Low 




EXT INT 


tEH 


EXT INT Hold Time, Active State 


6t0 
+ 750 




ns 


To Trigger 
Interrupt 


EXT INT Hold Time, Inactive State 


2t0 




ns 


To Trigger Timer; 
Note 2 




C|N 


Input Capacitance: 

I/O Ports, RESET, EXT INT 

RAMPRT, TEST 




7 


PF 


Unmeasured Pins 
Returned to Vss; 
Note 3 




CxTL 


Input Capacitance: XTLi, XTL2 


23.5 


29.5 


PF 


Unmeasured Pins 
Returned to Vss; 
Note 3 



Notes 

1. I/O load is 50 

2. Specification 

3. TA^aS'C.fa 

4. TA=iO*Cto 4 



pF plus one standard TTL input; STROBE load is 50 pF plus three standard TTL inputs. 

is applicable when the timer is in the interval timer mode. 

2 MHz. 

70'C, Vcc- -f 5 V± 10%, I/O power dissipation :s mW, unless otherwise noted. 
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Fig. 10 Timing Diagrams 



EXTERNAL CLOCK 



INTERNAL </> CLOCK 




I/O PORT OUTPUT 



J 



— *l/0-S 




tSL- 



I- *RH ^ 




Note 

All measurements are referenced to V|l max, V|h mln, Vql max, or Vqh '"•n 



Absolute IVIaximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
Indicated In this data sheet, Is not Implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 

Voltage on any Pin with Respect to - 1 .0 V, + 7 V 

Ground (Except Open-Drain Pins) 

Voltage on any Open-Drain Pin - 1 .0 V, + 13.2 V 

Power Dissipation 1.5 W 

Ambient Temperature Under Bias 0°C, +70 °C 

Storage Temperature -55°C, + 150**C 
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Fig. 11 Port Input/Output Timing Diagrams 



A. Input on Port 4 or 5 



"«- 2 MS* -^ -♦ 



IN OR 

INS 

OP CODE 

FETCHED 



PORT AODR. 
PLACED ON 
DATA BUS 



y\ 



PORT DATA 
DRIVEN ON TO 
DATA BUS 



3< 



1m» 

SET-UP 

MAX 

*SI/0 



NEXT 
OP CODE 
FETCHED 



*Cycle timing shown for 4 MHz external clock 
B. Output on Port 4 or 5 

- 2ms* —^ 



OUT OR 
OUTS 
OP CODE 
FETCHED 



PORT ADDR. 
ON DATA 
BUS 



ACCUMULATOR 
CONTENTS 
ON DATA BUS 



(ACTIVE FOR 
PORT 4 ONLY) 



NEXT 
OP CODE 
FETCHED 
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MAX 



■> 



*Cycle timing shown for 4 MHz external clock 

C. Input on Port or 1 



CYCLE TIMING 
' DEPENDS ON INSTRUCTION 



CYCLE TIMING 
' DEPENDS ON INSTRUCTION 



STAYS LOW 
FOR TWO WRITE 
CYCLES 



t|/0-S 
" 500 ns' MIN 



-2ms' ■ 



INS 0, 1 
FETCHED 



PORT 
DATA ON 
BUS 



y 



tSI/0 
1ms 
MAX 
SET-UP 



NEXT 
OP CODE 
FETCHED 



D. Output on Port or 1 

— 2ms' 



INTERNAL 

WRrrE 

CLOCK 



_y~^ 



OUTS 0, 1 
FETCHED 



ACC DATA 
ON BUS 



NEXT 
OP CODE 
FETCHED 



kll/0 

1ms 



xz: 



*Cycle timing shown for 4 MHz external clock 



*Cycle timing shown for 4 MHz external clock 
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DC Characteristics 

The dc characteristics of the F3872 are described in 
Table 5. 



Tables 1 


DC Characteristics 










Symbol 


Characteristic 


Min 


Max 


Unit 


Conditions 


'cc 


Power Supply Current 




100 


mA 


Outputs Open 


Pd 


Power Dissipation 




500 


mW 


Outputs Open 


V|HEX 


External Clock Input High Voltage 


2.4 


5.8 


V 




ViLHEX 


External Clocl< Input Low Voltage 


-0.3 


0.6 


V 




•hex 


External Clock Input High Current 




100 


^A 


V|HEX= Vdd 


hlEX 


External Clock Input Low Current 




-100 


^A 


V|LEX=Vss 


V,H 


Input High Voltage RESET, EXT INT 


2.0 


5.8 


V 


RESET and EXT INT Have Internal Schmitt 


V,L 


Input Low Voltage RESET, EXT INT 


-0.3 


0.8 


V 


Triggers Giving Minimum 0.2 V Hysteresis 


V|HOD 


Input High Voltage (Open-Drain Ports) 


2.0 


13.2 


V 




l|L 


Input Low Current RESET, EXT INT 




-1.6 


mA 


V,L=0.4V Notel 


•lod 


Leakage Current (Open-Drain Ports) 




10 
-5.0 


^A 


V,N= 13.2 V 

V|N = O.OV "^^^^^ 






-100 
-30 




/^A 


VoH = 2.4V 
VoH = 3.9V 


'oh 


Output High Current RESET, EXT INT 




Output High Current 
(Direct-Drive Ports) 


-0.1 




mA 


VoH = 2.4V 


'OHDD 


-1.5 




mA 


VoH=1.5V 






-8.5 


mA 


VoH = 0.7V 


lOL 


Output Low Current 


1.8 




mA 


Vol = 0.4 V 


•OHS 


Output High Current (STROBE Output) 


-300 




^A 


VoH = 2.4V 


•OLS 


Output Low Current (STROBE Output) 


5.0 




mA 


VoL=0.4V 


VlHRPR 


RAMPRT Input High Level 


1.9 


5.8 


V 


Guaranteed 0.1 V less than V|h for RESET 


ViLRPR 


RAMPRT Input Low Level 


-0.3 


0.4 


V 


Guaranteed 0.1 V less than V|l for RESET 


VSB 


Standby Vqd for RAM 


3.2 


5.5 


V 




ISB 


Standby Current 




6.0 
3.7 


mA 
mA 


Vsb = 5.5 V 
Vsb = 3.2 V 


'CHG 


Trickle Charge Available on Vsb with 
VDD-4.5to5.5 V 


-0.8 


-15 


mA 
mA 


> > 

00 Csj 
CO CO 

II II 

CO CO 

> > 


Pdio 


Power Dissipated by I/O Pins 




600 
60 


mW 
mW 


All Pins 

Any One Pin, Note 3 




Notes 

1. RESET or EXT INT programmed with standard pull-up. 

2. RESET or EXT INT programmed without standard pull-up. 

3. Power dissipation of I/O pins is calculated by L (Vqq - V|i_) (| l||_|) - 

4. TA = OXto +70X, Vdd= -1-5 V ±10%, I/O power dissipation < 



-^(Vdd-Voh)(|IohI)h 
100 mW. 



E (Vol) Col)- 



F3872/F38L72 



Ordering Information 


Order Code 


Package 


Temperature Range* 


F3872DC, F38L72DC 


Ceramic 


C 


F3872DL, F38L72DL 


Ceramic 


L 


F3872DM, F38L72DM 


Ceramic 


IVI 


F3872PC, F38L72PC 


Plastic 


C 


F3872PL, F38L72PL 


Plastic 


L 


F3872PM, F38L72PM 


Plastic 


M 



*C = Commercial Temperature Range O'C to + 70 "C 
L= Limited Temperature Range -40°C to +85''C 
M = Military Temperature Range - SS'C to + 125°C 
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F38700 

Central Processing Unit 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F38700 is a complete 8-bit central 
processing unit (CPU) for the Fairchild F387XX 
microprocessor family. Fabricated with double-ion- 
implanted, N-channel, silicon-gate technology, the 
F38700 has 64 bytes of scratchpad register and an 8-bit 
accumulator. It contains interrupt logic to serve the on- 
chip external interrupt, the timer interrupt, and interrupts 
from peripherals. It also has a nonmaskable interrupt 
input having higher priority than other interrupts. Unlike 
the F8 series microprocessor, the F38700 program and 
data counters are inside the CPU, and the 16-bit address 
bus can address 65K bytes of external memory. Figure 1 
is a block diagram of the F38700 CPU. 

• 8-Bit Word Size 

• Compatibility with FS and F387X Software 

• 64-Byte Scratchpad Register 

• Programmable Binary Timer with Interrupt 

• External Interrupt 

• On-Chip Clock Generation 

• TTL-Compatible Inputs and Outputs 

• 8-Bit Data Bus and 16-Bit Address Bus 

• Direct IVIemory Access (DMA) Capability 

• 40-Pin DIP 

• Nonmaskable Interrupt 



Connection Diagram 



VddC 


1 ^ 40|j 


RSTI 


XTL1 ^ 


2 


39 


J INT REO 


XTL2 [^ 


3 


38 


]<t)W 


[AK ^ 


4 


37 


J^o 


rstqC 


5 "«''°° 36 


:ic, 


lOE^ 


6 


35 


Ho. 


AoC 


7 


34 


J 03 


A,i: 


8 


33 


Jo. 


A.[; 


9 


32 


:]°s 


Asi: 


10 


31 


D°e 


*,L 


11 


30 


J 07 


AsL 


12 


29 


:ja,s 


AsC 


13 


28 


::iA„ 


*^C 


14 


27 


:iA,3 


A.I: 


15 


26 


Ja,2 


*»c 


16 


25 


Ja„ 


IliQ C 


17 


24 


Ja,„ 


NMI/F ^ 


18 


23 


JWR 


BBT ^ 


19 


22 


JR-D 


«L 


20 


21 


:ivss 


Signal Functions 


A K 


CPU 


^ — \ 

/ DATA BUS X 


/ ADDRESS BUS \ 


\ '»> / 


\ <^«) / 


^ V 


\l V 


38700 


► RSTO 








►lAK 


INT REQ ^ 


► BGT 


BRQ ► 






► OW 


XTL1 ► 








XTL2 ► 






► RJE 

► RD 


NMI/F ► 






► Wff 


VdD ► 








Vss — ► 
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Figure 1 F38700 Block Diagram 
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Signal Descriptions 

The F38700 signals are described in table 1. 
Table 1 F38700 Signal Descriptions 



F38700 



Mnemonic 


Pin No. 


Name 


Description 


Address 


7-16 
24-29 


Address 


Active-high, three-state output signals that form a 16-bit 
address bus for up to 64K bytes of memory. The lower eight 
bits of the address contain the I/O address during an I/O 
instruction. 


Bus 

BGT 

BRQ 


19 
17 


Bus Grant 
Bus Request 


An active-low output signal used in conjunction with a bus 
request. Indicates to the requesting device that the data and 
address buses and the write and read signals have been set to 
their high-impedance state. 

An input signal informing the CPU that another device 
requests the control of the memory bus. 


Clock 

Ct>,0W 


20,38 


System Clocks 


An output to other devices on the bus for system clocking. 


Crystal 

XTL1,XTL2 


2,3 


Crystal 
Connections 


Input signals connected to a crystal to drive the internal clock 
oscillator. 


Data 

D0-D7 


30-37 


Data Lines 


Active-high, three-state input/output signals that form an 8-bit, 
bidirectional data bus. 


Interrupt 

lAK 


4 
39 


Interrupt 
Acknowledge 

Interrupt 
Request 


An active-low output signal from the CPU to its peripherals 
indicating that it is ready for the interrupt. The peripheral 
requesting service responds by outputting the upper and lower 
interrupt address vectors on the data bus. 


INT REQ 


An active-low input signal informs the CPU that one of its 
peripherals requires service. 


Input/Output 

lOE 

1 


6 


I/O Enable 


An active-low signal indicating that the CPU is executing an 
instruction and that the I/O port whose address is the same 
as the lower eight bits of the address bus should respond. 
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F38700 



Mnemonic 


Pin No. 


Name 


Description 


Nonmaskable 








Interrupt 








NMI/F 


18 


Nonmaskable 
Interrupt/ 
Instruction fetch 


An external-interrupt, negative-edge-trigger input that cannot 
be turned off by software. 


Power 








Vdd 


1 


Power 


-1-5 V(±10%) power supply Input 


Vss 


21 


Ground 


V ground reference 


Read Enable 








RD 


22 


Read 


An active-low signal that indicates data is to be read out of a 
nnemory location of I/O port. 


Reset 








RSTI 


40 


Reset In 


An external reset to the CPU specifying that HEX0000 be 
loaded into the progrann counter. 


RSTO 


5 


. Reset Out 


A synchronous reset output signal from the CPU to the rest of 
the system. 


Write Enable 








WR 


23 


Write 


An active-low signal that indicates data on the data bus is to 
be written into a memory location or an I/O port. 



IVIode Flip-Flop 



The mode flip-flop (MFF) is a special feature of the 
F38700 that, when set, reduces INS, OUTS, and interrupt 
routines by one long machine cycle (1.5 times the normal 
cycle). It should be noted that the OUTS instruction is no 
longer privileged when the MFF is set. Table 2 presents 
the instructions associated with the MFF. 



The MFF is reset to zero when a reset or power-on reset 
operation occurs. Resetting the MFF makes all the long 
cycles into short cycles and allows the F38700 timing to 
again be completely compatible with that of the F3870. 



Table 2. MFF Instructions 





Mnemonic 


Function 


Machine 
Code 


Byte 


djcle 


Status 


Operation 


OVF 


ZERO 


CRY 


SGN 


Set MFF 


SM 


MFF^I 


2D 


1 


1 










Reset MFF 


RM 


MFF-0 


2E 


1 


1 










Compare I/O F 


CPF 


(l/0p)-l-(ACC) + 1 


2F 


1 


2.5 


0/1 


0/1 


0/1 


0/1 
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F38701 

Single-Chip Microcomputer 



Advance Product Information 



Microprocessor Product 



Description 

The Falrchild F38701 Single Chip IVIIcrocomputer, a 
controlier-oriented device, is a compiete 8-bit micro- 
computer on a singie MOS integrated circuit. The device 
features 2048 bytes of masl<-programmable ROIVI, 64 
bytes of scratchpad RAM, a programmable binary timer, 
16 bidirectional I/O bits, five analog I/O pins, a zero- 
crossing detector, seven ac drive pins with phase control 
and zero-crossing switching capabilities, a serial I/O port 
with block and data gate, and a single -i-5 volt power 
supply. 

• 64 X 8 Scratchpad Memory 

• Programmable Timer 

• External Interrupt 

• 2K X 8 ROM 

• Two 8Bit Parallel Digital I/O Channels 

• One Handshake Serial Digital I/O Channel 

• Five Analog I/O Channels 

• Seven AC Power Control Outputs with Phase Control 
and Zero-Crossing Switching Capabilities 

• Real-Time Counter 

• Programmable Interrupt Vector 

• 40-Pin Package 

• Single -H 5 V Power Supply 

• Crystal, LC, RC, and External Clock Modes 



Signal Functions 











DlOo 


Mr^^ 










DIO1 


-*-► 








DIO2 


-•-► 




RESET ► 


RST 


DIO3 


-•-► 




TEST < *- 


TEST 


DIO4 


-^-^ 




INTERRUPT ^ 


INT 


DlOg 
DlOe 


-^^ 














XL1 
XL2 


DIO7 
OlOs 
DIO9 
DIO10 






TIME BASE 1 


n 


> DIGITAL 












f 


ACo 


DIO11 


-•-► 






^ 






-*— 


ACi 
AG2 
AC3 
AC4 


DIO12 
DIO13 
DIO14 
DIO15 






POWER , 
CONTROL ^ 






















AGs 
















ACe 


AlOo 








K * 




ZERO CROSSING ► 


ZC 


AIO1 


-*— ► 








AIO2 


-*-► y ANALOG LINES 


( ► 


Vcc 


AIO3 


-•-► 


POWER < ► 


Vss 


AIO4 




[ »- 


Vaa 












SDT 
SDC 

sfi 


-*-► > SERIAL DATA 




















F38701 Single-Chip Microprocessor 
SIGNAL DESCRIPTIONS 



Mnemonic 


Name 


Description 


Analog 

AIOq - AIO4 


Analog Lines 


Five bidirectional analog lines that are used either as A/D inputs or as 
D/A outputs. 


Digital 

DlOo - DIO15 


Digital Lines 


Bidirectional lines that are individually used as TTL-compatible inputs or 
as latched outputs. 
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F38701 



Mnomonic 


Name 


Description 


Power 

Vcc 
Vss 
Vaa 


Power Supply 

Ground 

Ground 


■ 
+ 5V(±10%) 

Digital ground 

Analog ground 


Power Control 

ACo - ACe 


Power Control 
Lines 


Seven output drivers that may be used to control loads In the zero- 
crossing or phase control modes. 


Reset Test Interrupt 

INT 


External Interrupt 


An external interrupt input whose active state is software-programmable 
It is also used with the timer for pulse width measurement and event 
counting. 


Reset Test Interrupt 

RST 

TEST 


Reset 
Test Circuit 


An external reset input that, when pulled low, resets the F38701. When 
allowed to go high, the F38701 begins program execution at program 
location H'OOOO'. 

An Input used only in testing the F38701. For normal circuit functions 
this pin is unconnected or grounded. 


Serial Data 

SDC 

SDT 
STE 


Serial Data Clock 
Serial Data 
Serial Data Gate 


Bidirectional signal that clocks data in and out of the serial data port; 
one bit of data is shifted in our out for each data clock pulse. 

A bidirectional serial data line that shifts data in and out, least 
significant bit first, synchronous with the data clock. 

When the bidirectional data gate is high, both the data clock and the 
serial data port are enabled. 


Time Base 

XL1 
XL2 


Time Base 


The time base inputs to which a crystal (1-4 MHz), LC network, RC 
network, or an external single-phase clock are connected. 


Zero Crossing 
ZC 


Zero Crossing 
Input 


An Input signal that senses zero crossings. This signal is used to sense 
the 50/60 Hz line or as an external sensor input. 
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F38701 



Serial Port 

The serial interface consists of three bidirectional lines: 
the data line sends and receives data; the data clock is a 
synchronous pulse used to clock the serial data in and 
out of the chip; and the data transfer enable is high 
during the time when valid data is on the serial interface 
lines. The serial Interface is operated in the master or 
slave mode. In either mode, the CPU can send or receive 
data. 

Real-Time Clock 

The real-time clock consists of a divide-by-50/60 and a 
dlvide-by-60 cascade counter. The clock generates an 
internal interrupt on zero crossings, seconds, and 
minutes. These interrupts are under program control. 



AC Output Control 

The seven ac output bits (ACq - ACg) perform the 
following functions. 

Zero-Crossing Drive Mode 

The selected ac output bits are triggered after a 
programmable delay time from the zero crossing of the 
ac line, and remain on until turned off by the program. 

Phase Control IVIode 

The duty cycle register Is loaded with the value 
corresponding to the desired firing angle; the output(s) 
are activated when the register reaches its terminal 
count, and remain activated until the next zero crossing. 




Power Control Ports 



Analog-lnput/Output Channels 



The seven ac outputs are individually capable of sinking 
20 mAof current when driven separately; only four of any 
seven can be turned on at rated current at any one time. 

Zero-Crossing Detection 

The zero-crossing input is tied to the 50/60 Hz line 
through a resistor. This input, which monitors the power 
line and generates an interrupt (depending on how the 
control register Is set up), can be one of the following: 
positive-going zero crossing, negative-going zero 
crossing, both positive and negative zero crossing, 
seconds, or minutes. 

The zero-crossing (ZC) detector also supplies the input 
for the interval timers and to the ac output circuitry. 



Five input channels operate in different modes selected 
by setting the appropriate bits In port D, which is the 
control port used by the A/D converter and the analog 
multiplexer. Any one of the five channels can be 
selected and converted from a 0.5 V to (Vqq-0.5) V analog 
input, to an 8-bit digital equivalent, in less than 100 
microseconds. The results are stored in the appropriate 
port. Completion is signaled by an internal interrupt. 

The D/A mode can output an analog signal through any 
one of the five analog I/O lines. The D/A has an 8-bit 
resolution. The selected D/A channels are refreshed 
every 600 microseconds or less, except during an analog 
read or write period. 

In the A/D mode, the selected analog line Is like the 
digital equivalent after the A/D conversion is performed. 
The results of this conversion are stored in port F. After 
the conversion, an internal interrupt is generated, 
indicating the conversion is complete. 
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F38701 
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F38752 

Analog Interface Unit 



Advance Product Information 



Microprocessor Product 



Description 

Designed to operate with the F38700 CPU, the Fairchiid 
F38752 Analog Interface Unit (AlU) contains a five- 
channel analog-to-dlgital (A/D) or digital-to-analog (D/A) 
converter (see figure 1). The A/D conversion is 
accomplished using a successive approxinnation 
technique, and the D/A conversion is accomplished 
using a charge redistribution technique with binary- 
weighted capacitors. The F38752 also contains interrupt 
logic to support daisy-chain interrupt functions. 



• A/D or D/A Conversion Capability for Each Channel 

• 8-Bit Resolution for All Five Channels 

• Conversion Time of 24 i^s per Channel 

• Programmable Interrupt Vector by Strap-Pin Selection 

• Daisy-Chain Interrupt Control 

• Single -i- 5 V Power Supply 

• 40-Pin Pacl(age 




Figure 1 38752 Block Diagram 
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F38752 



Signal Descriptions 

The signals for the F38752 are described in table 1. 

Registers 

The F38752 has eight registers numbered through 7. 
The first five are data registers; nunnber 5 is the control 
register, number 6 the status register, and number 7 the 
buffer register. AH have read and write capability except 
register 6 and register 7, which can only be read. Table 2 
describes the registers, and table 3 gives their CPU 
addresses. 



Table 1 F38752 Signal Descriptions 



Mnemonic 


Name 


Description 


DBo - DB7 


Data Bus 


Bidirectional data, status, 
and control information 


A0-A2 


Register 
Address 


Data, status, and control 
register selection inputs 


AIO0-AIO4 


Analog 
Channels 


Bidirectional analog lines 


0W 


Clock 

Synchronized 
Reset 


Input from the CPU 


SRST 


Active-low input 


MS 


Module 
Select 


Active-high input 


RD 


Read Enable 


Active-low input 


WR 


Write Enable 


Active-low Input 


INT 


Interrupt 
Request 


Active-low output 


iaT 


Interrupt 
Acknowledge 


Active-low input for the 
daisy chain 


lAO 


Interrupt 
Acknowledge 


Active-low output for the 
daisy chain 


ST5,ST6, 
ST7 


Strap Pins 


Active-low strapping for 
the programmable 
interrupt vector 


Vdd 


Power Input 


-1-5 V power supply input 


Vss 


Ground 


V reference 


Vaa 


Ground 


V reference for the 
internal analog circuitry 
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Table 2 Addressable Register Format 



F38752 



Register 
Number 


Register 
Name 


Bit 


Description 


RO 


Data 


0-7 


Data for channel 


R1 


Data 


0-7 


Data for channel 1 


R2 


Data 


0-7 


Data for channel 2 


R3 


Data 


0-7 


Data for channel 3 


R4 


Data 


0-7 


Data for channel 4 


R5 


Control 





1 = D/A nnode, = A/D mode for channel 




1 


1 = D/A mode, = A/D mode for channel 1 




2 


1 = D/A mode, = A/D mode for channel 2 




3 


1 = D/A mode, = A/D mode for channel 3 




4 


1 = D/A mode, = A/D mode for channel 4 




5 
6 


Interrupt mode 


Bit 


IVIode 




6 


5 








1 
1 



1 


1 


MC multichannel interrupt 
DASC D/A single channel 
ADSC A/D single channel 
ALL SC All single channels 




7 


1 = Interrupt enable, = Interrupt disable 


R6 


Status 
(read only) 





1 = Channel selected; = Channel not selected 




1 


1 = Channel 1 selected; = Channel 1 not selected 




2 


1 = Channel 2 selected; = Channel 2 not selected 




3 


1 = Channel 3 selected; = Channel 3 not selected 




4 


1 = Channel 4 selected; = Channel 4 not selected 




5 
6 


Interrupt mode 


Bit 


IVIode 




6 


5 









1 
1 




1 

1 


MC multichannel interrupt 
DASC D/A single channel 
ADSC A/D single channel 
ALL SC All single channels 




7 


1 = Interrupt enable, = Interrupt disable 


R7 


Buffer read J 


0-7 
0-7 


A/D; results of last analog conversion 
D/A; data for present conversion 
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F38752 



Table 3 Register Address 



Operation Description 



Register 


Name 


MS 


A2 


A1 


AO 





Data 













1 


Data 










1 


2 


Data 







1 





3 


Data 







1 


1 


4 


Data 




1 








5 


Control 




1 





1 


6 


Status 




1 


1 





7 


Buffer 




1 


1 


1 



All five channels are multiplexed. Writing into the control 
register initiates the conversion starting with channel 
and sequencing through channel 4. It continuously 
performs the conversion unless the interrupt is enabled. 
When AD interrupts are selected, register 7 must be read 
to continue to the next channel. When DA interrupts are 
selected, register 6 must be read. 
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F38753 

Power Control Unit 



Advance Product Information 



Microprocessor Procluct 



Description 

The Fairchild F38753 Power Control Unit (PCU) is 
designed to operate with the F38700 CPU. It has eight 
current-sinking high outputs that may be used to directly 
drive opto-isolators or triacs. The on-chip logic allows 
zero-crossing switching, delayed switching, and phase 
control without CPU intervention. The F38753 PCU 
contains logic to provide seconds and minutes counting 
in either 50-Hz or 60-Hz operations. 

The PCU internal interrupt logic implements first-come 
first-served Interrupts. The Interrupt request latch is 
reset after the first read signal is input. If the first 
interrupt request is the minute transition, the minute 
interrupt has the highest priority, the second interrupt 
has the next highest priority, and the positive zero- 
crossing (ZC) interrupt has the lowest priority, if all three 
interrupt control bits are set. 

• Eigtit ac Control Outputs, Each with Current Sinking 
Capability of 20 mA 

• Four Output Modes: Zero-Crossing Switching, 
Positive and Negative Delayed Switchings, and Phase 
Firing 

• Capability of Programming Each Output Differently 

• Separate Output On-Off Control 

• Capability of Programming Outputs to be Pulsed by 
internal Clock 

• Four Real-Time interrupts: Positive Zero Crossing, 
Negative Zero Crossing, Second, and IVIinute 



Signal Functions 



SYNCHRONIZED 
RESET 



CHIP 
CONTROL 



<t)WR 

Ao 

Ai 

A2 

A3 

SRST 
INT 
TAO 



CE 
WR 
RD 



VCC 
VSS 



TEST 



DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 
DB7 



ZC 

ACo 

ACi 

AC2 

AC3 

AC4 

AC5 

ACe 

AC7 



So 

Si 



^ DATA BUS 



ZERO CROSSING 



EXTERNAL 
CONTROL 




Signal Descriptions 



l\/lnemonic 


Name 


Description 


Address 


Address Bus 


Input lines that are used to select the internal registers, which are 
addressed as I/O ports. 


Chip Control 

CE 

RD 
WR 


Chip Select 

Read Enable 
Write Enable 


An active-low Input signal that Indicates the CPU Is trying to read from 
or write to the PCU internal registers. 

An input signal that indicates the CPU is performing a read operation. 

An input signal that indicates the CPU is performing a write operation. 
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F38753 



Signal Descriptions 



Mnemonic 


Name 


Description 


Clock 






(D 


System Clock 


A clock input signal originating at the CPU. 


(DWR 


Clock 


The clock input from the CPU. 


Data Bus 






DB0-DB7 


Data Bus 


Bidirectional 3-state lines that link the PIO to all other devices within the 
microprocessor system. 


External Control 






AC0-AC7 


Rower 
Control Lines 


Seven output drivers that may be used to control loads in the zero- 
crossing or phase control modes. 


Interrupt 






lAJ 


Interrupt 
Acknowledge 


An input signal from the CPU that indicates the CPU is ready to service 
the PCU interrupt. 


lAO 


Interrupt 

Acknowledge 

Output 


An output signal that is connected to the interrupt acknowledge input of 
other chips in a daisy-chain to establish interrupt priority. 


INT 


Interrupt 
Request 


An output signal to the CPU; a logical low means the chip requires 
service from the CPU. 


Power 






Vcc 


Power Supply 


-h5 V (±10%) power input 


Vss 


Ground 


V input 


strap Pins 






S0-S2 


Strap/Interrupt 
Address Selection 


Three active-low input signals that select the internal address and the 
interrupt address vectors. 


Synchronized Reset 






SRST 


Synchronized 
Reset 


An active-low input signal that resets the internal logic of the CPU. 


Test 






TEST 


Test Circuit 


An active-low input used only in testing the F38753 PCU. For normal 
circuit functions this pin in unconnected or grounded. 


Zero Crossing 






ZC 


Zero Crossing 
Input 


3-5 V p-p, 50/60 Hz ac main signal. 
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F38754 

Peripheral Input/Output 



Advance Product Information 



Microprocessor Product 



Description 

The Falrchild F38754 Peripheral Input/Output (PIO) 
device two 8-bit I/O ports with TTL-compatible outputs. It 
has one 8-bit serial I/O serial I/O channel for communi- 
cating with other microprocessors or for driving other 
peripheral devices that accept serial data. The PIO has 
on-chip interrupt logic that may be used to Interrupt the 
OPU through the serial data port. 

• Two 8-Bit Parrailel I/O Ports, Providing 16 
Bidirectional TTL-Compatibie I/O Lines 

• One 8-Bit Serial I/O with Handshalce and 
Programmable Data Transfer Rate 

• Different Interrupt Vectors for Transmit and Receive 
Operations 



Signal Functions 



DATA BUS < 



ADDRESS < 

READ ENABLE 
WRITE ENABLE 





DBo 
DBi 


PAo 
PAi 




.^^ 


..-.^ 


^^ 


DB2 
DB3 
DB4 
DB5 
DBe 
DB7 


PA2 
PA3 


"*-*" 


* * 


* * 


* * 


PA4 
PA5 
PAe 
PA7 


* * 


" * 


" * 














PBo 


* * 




SRST 


PBi 
PB2 






,^^ 


-^ — 


INT 


PB3 


-*-► 






PB4 


-•-► 




iAi 


PB5 

PBe 












*" * 


■—*' 


<t> 


PB7 


"*^ 


-^ 


cl 


iAO 


— 


^ 


A1 


sdT 


^-^ 


— ► 


AO 


§5^ 


— ► 






§TI 


-* — 


— ^ 


RD 










So 




»► 


WR 


cc 
ss 


^^ 



y I/O PORTS 




INTERRUPT ACKNOWLEDGE 
OUTPUT 



^y 



STRAP/INTERRUPT 
ADDRESS SELECTION 



-}■ 



Signal Descriptions 



Mnemonic 


Name 


Description 


Address 






Ao-A, 


Address Bus 


Input lines used to select the internal registers, which are addressed as 
I/O ports. 


Chip 






Cl 


Chip Select 


An active-low input signal that indicates the CPU Is trying to read from or 
write to the PIO internal registers. 


Clock 






<D 


System Clock 


Clock input signal originating at the CPU. 


Data Bus 






DBo ■ DB7 


Data Bus 


Bidirectional 3-state lines that link the PIO to all other devices within the 
microprocessor system. 
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Name 


Description 


Interrupt 






INT 


Interrupt Request 


An output signal to the CPU; a logical low means the chip requires 
service from the CPU. 


lAi 


Interrupt 
Acknowledge 


An input signal from the CPU that indicates the CPU is ready to service 
the PCU interrupt. 


Interrupt 

Acknowledge 

Output 






lAO 


Interrupt 

Acknowledge 

Output 


An output signal that is connected to the interrupt acknowledge input 
of other chips in a daisy-chain to establish interrupt priority. 


I/O Ports 






PAo - PA7 
PBo ■ PB7 


I/O Ports 


Bidirectional ports through which the PIO communications with logic 
external to the microprocessor system. 


Power 






Vcc 


Power Supply 


+ 5V(±10%) 


Vss 


Ground 


System ground -0 V 


Read Enable 






RD 


Read Enable 


An input signal that indicates the CPU is performing a read operation. 


Serial Data 






SDC 


Serial Data Clock 


A bidirectional signalthat clocks data in and out of the serial data port; 
one bit of data is shifted in or out for each data clock pulse. 


SDT 


Serial Data 


A bidirectional serial data line that shifts data in and out, least 
significant bit first, synchronous with the data clock. 


STE 


Serial Data Gate 


When the bidirectional data gate Is high, both the data clock and the 
serial data port are enabled. 


Strap/Interrupt 
Address Selection 






So 


Strap/Interrupt 
Address Selection 


Three active low Input signals that select the internal address and the 
interrupt address vectors. 


Write Enable 






WR 


Write Enable 


An Input signal that Indicates the CPU is performaing a write operation. 
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■ 
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9 
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10 
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11 
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12 
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Section 5 
F6800 Microprocessor Family 



General 

The Fairchild F6800 microprocessor family is a set of 8-bit 
MOS devices that offers a complete and constantly growing 
selection of microprocessors having a powerful instruction 
set. As shown in figure 5-1, the F6800 family now includes 
seven different CPUs (described in table 5-1), supported by 
such circuits as synchronous and asynchronous controllers 
for data communications, timers, a direct memory access 
controller, CRT controllers, RAMs, ROMs, and EPROMs 
(described in table 5-2). 

Table 5-1 F6800 Microprocessor Family CPUs 











Data 




No. of 






No. of 








No. of 


Power 


External 


Length 




Basic 


Bytes 


Bytes 


I/O 


Other 




Device No. 


Pins 


Supply 


Addressing 


(Bits) 


Clock 


Instructions 


(RAM) 


(ROM) 


Lines 


I/O 


Timer 


F6800 


40 


+ 5V 


64K 


8 


No 





— 





— 


— 




F6801 


40 


-h5V 


64K 


8 


Yes 


82 


128 


2K 


31 


Serial 


16-Bit 


F6802 


40 


-»-5V 


64K 


8 


Yes 


72 


128 


— 


— 


— 


— 


F6803 


40 


+ 5V 


64 K 


8 


Yes 


82 


128 


— 


13 


Serial 


16-Bit 


F6808 


40 


+ 5V 


64 K 


8 


Yes 


72 


— 


— 


— 


— 


— 


F6809 


40 


+ 5V 


64K 


8 


Yes 


59 


— 


— 


— 


— 


— 


F6882 


40 


+ 5V 


64 K 


8 


Yes 


72 


128 


- 


- 




- 



Table 5-2 F6800 Peripheral Devices 



Type 


Number 


Name 


Comment 


General-Purpose 


F6820 


Peripheral Interface 
Adapter 


Twenty I/O Lines 


General-Purpose 


F6821 


Peripheral Interface 
Adapter 


Twenty I/O Lines 


General-Purpose 


F6840 


Programmable Timer Module 


Three-to 16-Bit Timers 


General-Purpose 


F68488 


General-Purpose 
Interface Adapter 


IEEE-488 Bus Controller 


Special Function 


F6844 


Direct Memory Access 
Controller 


Three I/O Channels 


Special Function 


F6845 


CRT Controller 


Available in Interlace or Non-lnterlace 


Special Function 


F6846 


ROM, I/O, Timer 


2Kx8 ROM, Parallel I/O, Timer 


Special Function 


F6847 


Video Display Generator 


Low-Cost Video Controller 


Data Communications 


F6850 


Asynchronous Communications 
Interface Adapter 




Data Communications 


F6852 


Synchronous Serial Data 
Adapter 




Data Communications 


F6854 


Advanced Data Link 
Controller 


HDLC/SDLC 


Data Communications 


F6856/ 


Synchronous Communications 


HDLC/SDLC/BTSYNC 




F3846 


Protocol Controller 




Data Communications 


F68456/ 


Multi-Protocol 


HDLC/SDLC/BISYNC/ASYNC 




F38456 


Communications Controller 




Memory 


F6810 


128x8-Bit Static RAM 
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Family 



Figure 5-1 F6800 Family Organization 



F6809 CENTRAL 
PROCESSING UNIT 



F6802/F6808/F6882 
MICROPROCESSOR WITH 
CLOCK AND RAM 



F6801/F6803 

SINGLE-CHIP MICROCOMPUTER 



F6800 

MICROPROCESSING 

UNIT 



F6810 
STATIC RAM 



F8840 

PROGRAMMABLE 

TIMER 



F6845/F6845A 
CRT CONTROLLER 



F6847 

VIDEO DISPLAY 

GENERATOR 



F68S2 

SYNCHRONOUS 
SERIAL DATA 
ADAPTOR 



F3846/F6858 

SYNCHRONOUS 

PROTOCOL COMMUNICATIONS 

CONTROLLER 



F68488 

GENERAL PURPOSE 

INTERFACE ADAPTOR 



F6820 

PERIPHERAL 
INTERFACE ADAPTOR 



F6844 

DIRECT MEMORY 

ACCESS CONTROLLER 



F6846 
ROM-I/O-TIMER 



ASYNCHRONOUS 
COMMUNICATIONS 
INTERFACE ADAPTOR 



F6854 

ADVANCED DATA 
LINK CONTROLLER 



F38456/F68458 
MULTIPLE PROTOCOL 
COMMUNICATIONS 
CONTROLLER 
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F6800 Microprocessor 
Family 



Instruction Set 

Because a single instruction set is inadequate for the 
number and flexibility of devices in the F6800 family, It has 
been necessary to develop three such sets, each serving a 
portion of the family. 

The basic Instruction set, comprising 72 instructions, is 
supported by the F6800, F6802, F6808, and F6882; figure 5-2 
is the associated programming model. An expanded in- 
struction set, consisting of the basic set plus several addi- 
tional instructions, is supported by the F6801 and F6803; 
figure 5-3 illustrates the associated programming model. 
The expanded Instruction set is upward-compatible with the 
basic set (that is, programs written using either are inter- 
changeable, provided that the additional instructions are 
not involved). Both the basic and expanded instruction sets 
are described in table 5-3. 



Figure 5-3 F6801/F6803 Programming l\/lodel 



[ B J 8BIT ACCUMULATORS A AND B OR 

D " ol 16BIT DOUBLE ACCUMULATOR D 



] INDEX REGISTER (X) 



T STACK POINTER (SP) 



] PROGRAM COUNTER (PC) 



|l|l|H[l|Niz|vTcl CONDITION CODE 



^: 



REGISTER (CCR) 

CARRY/BORROW FROM MSB 

OVERFLOW 
-ZERO 
-NEGATIVE 
-INTERRUPT 
- HALF CARRY (from Bit 3) 



The instruction set supported by the high-performance 
F6809 Is similar in structure to the basic and expanded 
sets, but is not upward-compatible. It is greatly enhanced to 
take fullest advantage of the powerful F6809 architecture. 
Figure 5-4 illustrates the F6809 programming model and 
table 5-4 describes the Instruction set. 



Figure 5-2 F6800/F6802/F6808/F6aa2 Programming IVIodel 

7 0_ 



c 



ACCA 



: 



ACCUMULATOR A 



I ACCB I ACCUMULATOR B 


IX I INDEX REGISTER (X) 



SP 



J PROGRAM COUNTER (PC) 

] STACK POINTER (SP) 



Figure 5-4 F6809 Programming IModei 



r 



INDEX REGISTER (X) 



INDEX REGISTER (Y) 



USER STACK (U) 



HARDWARE STACK (S) 



|i|i|H|Hn|Z|V|C| condition CODE REGISTER (CCR) 
-CARRY (from Bit 7) 
-OVERFLOW 
-ZERO 



-NEGATIVE 
-INTERRUPT MASK 
-HALF CARRY (from Bit 3 



EHZB 



> POINTER REGISTERS 

J 

PROGRAM COUNTER 

ACCUMULATORS 

DIRECT PAGE REGISTER 

CONDITION CODE 
(CC) REGISTER 



-CARRY/BORROW 

-OVERFLOW 

-ZERO 



-NEGATIVE 
-INTERRUPT MASK 
-HALF CARRY 
-FAST INTERRUPT MASK 
-ENTIRE STATE ON STACK 
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Table 5-3 Basic and Expanded Instruction Sets 


Instruction 


Description 


ABA 


Add Accumulators 


*ABX 


Add Accumulator B to Index Register 


ADC 


Add With Carry 


ADD 


Add 


*ADDD 


Add Double Accumulator to Memory; Leave Sum In Double Accumulator 


AND 


Logical AND 


ASL 


Arithmetic Shift Left 


*ASLD 


Double Accumulator Shift Left; Clear LSB; Shift MSB into C-Bit 


ASR 


Arithmetic Shift Right 


BCC 


Branch if Carry Clear 


BCS 


Branch if Carry Set 


BEO 


Branch if Equal To Zero 


BFE 


Branch if Greater Than or Equal To Zero 


BGT 


Branch if Greater Than 


BHI 


Branch if Higher Than 


*BHS 


Branch If Higher Than or Same As 


BIT 


Bit Test 


BLE 


Branch If Less Than or Equal To 


*BLO 


Branch if Lower Than 


BLS 


Branch if Lower Than or Same As 


BLT 


Branch If Less Than Zero 


BMI 


Branch If Minus 


BNE 


Branch If Not Equal To Zero 


BPL 


Branch if Plus 



Branch Always 
Branch Never 
Branch to Subroutine 
Branch if Overflow Clear 
Branch if Overflow Set 



CBA 
CLC 
CLI 
CLR 


Compare Accumulators 

Clear Carry 

Clear Interrupt Mask 

Clear 


CLV 
CMP 
COM 
CPX 
CPX 


Clear Overflow 

Compare 

Complement 

Compare Index Register 

Compare Index Register; Permits Use With Any Conditional Branch Instruction 


DAA 
DEC 
DES 
DEX 


Decimal Adjust 
Decrement 

Decrement Stack Pointer 
Decrement Index Register 


EOR 


Exclusive OR 



*F6801/F6803Only 
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Table 5-3 Basic and Expanded Instruction Sets (Cont.) 


Instruction 


Description 


INC 


Increment 


INS 


Increment Stack Pointer 


INX 


Increment Index Register 


JMP 


Jump 


JSR 


Jump to Subroutine 


*JSR 


Additional Addressing Mode Direct 


LDA 


Load Accumulator 


*LDD 


Load Double Accumulator from Memory 


LDS 


Load Stack Pointer 


LDX 


Load Index Register 


*LSL 


Memory or Accumulator Shift Left; Clear LSB; Shift MSB Into C-BIt 


*LSLD 


Double Accumulator Shift Left; Clear LSB; Shift MSB into C-Bit 


LSR 


Logical Shift Right 


*LSRD 


Double Accumulator Shift Right; Clear MSB; Shift LSB into C-Bit 


*MUL 


Multiply Accumulators; Leave Product in Double Accumulator 


NEG 


Negate 


NOP 


No Operation 


ORA 


Inclusive OR Accumulator 


PSH 


Push Data 


*PSHX 


Push Index Register to Stack 


PUL 


Pull Data 


*PULX 


Pull Index Register from Stack 


RJOL 


Rotate Left 


ROR 


Rotate Right 


RTI 


Return from Interrupt 


RTS 


Return from Subroutine 


SBA 


Subtract Accumulators 


SBC 


Subtract With Carry 


SEC 


Set Carry 


SEI 


Set Interrupt Mask 


SEV 


Set Overflow 


STA 


Store Accumulator 


*STD 


Store Double Accumulator 


STS 


Store Stack Register 


STX 


Store Index Register 


SUB 


Subtract 


*SUBD 


Subtract Double Accumulator; Leave Difference In Double Accumulator 


SWI 


Software Interrupt 




*F6801/F6803Only 



5-7 



F6800 Microprocessor 
Family 



Table 5-3 Basic and Expanded Instruction Sets (Cont.) 


Instruction 


Description 


TAB 


Transfer Accumulators 


TAP 


Transfer Accumulators to Condition Code Register 


TBA 


Transfer Accumulators 


TPA 


Transfer Condition Code Register to Accumulator 


TST 


Test 


TSX 


Transfer Stack Pointer to Index Register 


TXS 


Transfer Index Register to Stack Pointer 


WAI 


Wait for Interrupt 



*F6801/F6805Only 



Table 5-4 F6809 Instruction Set 



Instruction 



Description 



ABX 

ADCA, ADCB 

ADDA, ADDS 

ADDD 

ANDA, ANDB 

ANDCC 

ASL, ASLA 

ASLB 
ASR, ASRA, 

ASRB 

BCC, LBCC 
BCS, LBCS 
BEQ, LBEQ 
BGE, LBGE 
BGT, LBGT 
BHI, LBHi 
BHS, LBHS 
BITA, BITB 
BLE, LBLE 
BLO, LBLO 
BLS, LBLS 
BLT, LBLT 
BMI, LBMI 
BNE, LBNE 
BPL, LBPL 
BRA, LBRA 
BRN, LBRN 
BSR, LBSR 
BVC, LBVC 
BVS, LBVS 

CLR, CLRA, 

CLRB 
CM PA CMPB 



Add Accumulator B to Index Register 

Add Memory to Accumulator With Carry 

Add Memory to Accumulator 

Add Memory to Accumulator D 

AND Memory With Accumulator 

AND Condition Code Register 

Arithmetic Shift Left of Accumulator or Memory 

Arithmetic Shift Right of Accumulator or Memory 



Branch if Carry Clear 

Branch If Carry Set 

Branch if Equal To 

Branch if Greater Than or Equal To 

Branch if Greater Than 

Branch if Higher 

Branch if Higher Than or Same As 

Bit Test Memory With Accumulator 

Branch if Less Than or Equal To 

Branch if Lower 

Branch If Lower Than or Same As 

Branch if Less Than 

Branch if Minus 

Branch if Not Equal To 

Branch If Plus 

Branch Always 

Branch Never 

Branch to Subroutine 

Branch if Overflow Clear 

Branch if Overflow Set 

Clear Accumulator or Memory Location 

Compare Memory from Accumulator 
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Table 5-4 F6809 Instruction Set (Cont.) 


Instruction 


Description 


CMPD 


Compare Memory from Accumulator D 


CM PS, CMPU 


Compare Memory from Stack Pointer 


CMPX, CMPY 


Compare Memory from Index Register 


COM, COMA, 


Complement Accumulator or Memory Location 


COMB 




CWAI 


AND Condition Code Register; Wait for Interrupt 


DAA 


Decimal Adjust Accumulator A 


DEC, DECA, 


Decrement Accumulator or Memory Location 


DECB 




EORA, EORB 


.Exclusive OR Memory With Accumulator 


EXG D, R 


Exchange D With X, Y, S, U, or PC 


EXG R1, R2 


Exchange R1 With R2 (R1, R2 = A,B, CO, DP) 


INC, INCA, 


Increment Accumulator or Memory Location 


INCB 




JMP 


Jump 


JSR 


Jump to Subroutine 


LDA, LDB 


Load Accumulator from Memory 


LDD 


Load Accumulator D from Memory 


LDS, LDU 


Load Stack Pointer from Memory 


LDX, LDY 


Load Index Register from Memory 


LEAS, LEAU 


Load Effective Address Into Stack Pointer 


LEAX, LEAY 


Load Effective Address Into Index Register 


LSL, LSLA, 


Logical Shift Left Accumulator or Memory Location 


LSLB 




LSR, LSRA, 


Logical Shift Right Accumulator or Memory Location 


LSRB 




MUL 


Unsigned Multiply 


NEG, NEGA, 


Negate Accumulator or Memory 


NEGB 




NOP 


No Operation 


ORA, ORB 


OR Memory With Accumulator 


CROC 


OR Condition Code Register 


PSHS 


Push A, B, CO, DP, D, X, Y, U, or PC onto hardware stack 


PSHU 


Push a, B, CO, DP, D, X, Y, U, or PC onto user stack 


PULS 


Pull A, B, CC, DP, D, X, Y, U, or PC fro hardware stack 


PULU 


*pull A, B, CC, DP, D, X, Y, U, or PC from user stack 


ROL, ROLA, 


Rotate Accumulator or Memory Left 


ROLB 




ROR, RORA, 


Rotate Accumulator or Memory Right 


RORB 




RTI 


Return from Interrupt 


RTS 


Return from Subroutine 
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Table 5-4 Instruction Set (Cont.) 



Instruction 


Description 


SBCA, SBCB 


Subtract Memory from Accumulator With Borrow 


SEX 


Sign Extend Accumulator B into Accumulator A 


STA, STB 


Store Accumulator to Memory 


STD 


Store Accumulator D to Memory 


STS, STU 


Store Stack Pointer to Memory 


STX, STY 


Store Index Register to Memory 


SUBA, SUBB 


Subtract Memory from Accumulator 


SUBD 


Subtract Memory from Accumulator D 


SWI SWI2, 


Software Interrupt 


SWI3 




SYNC 


Synchronize With Interrupt Line 


TFR D, R 


Transfer D to X, Y, S, U, or PC 


TFR R, D 


Transfer X, Y, S, U, or PC to D 


TFR R1, R2 


Transfer R1 to R2 


TST, TSTA, 


Test Accumulator or Memory Location 


TSTB 





Descriptions 

Following is data that describes the members of the F6800 microprocessor family. 
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F6800/F68A00/F68B00 

8-Bit Microprocessing Unit 



Microprocessor Product 



Description 

The F6800 is a monolithic 8-bit microprocessing unit (MPU) 
forming the central control function for the Fairchild F6800 
family. Compatible with TTL, the F6800, as with all F6800 
system parts, requires only one +5.0 V power supply and no 
external TTL devices for bus interface. 

The F6800 is capable of addressing 65K bytes of memory 
with its 16-bit address lines. The 8-bit data bus is 
bidirectional as well as 3-state, making direct memory 
addressing and multiprocessing applications realizable. 

• 8-Bit Parallel Processing 

• Bidirectional Data Bus 

• 16-Bit Address Bus — 65K Bytes of Addressing 

• 72 Instructions — Variable Length 

• 7 Addressing Modes — Direct, Relative, Immediate, 
Indexed, Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Veptor 

• Separate Non-Maskable Interrupt — Internal Registers 
Saved in Stack 

• 6 Internal Registers — 2 Accumulators, Index 
Register, Program Counter, Stack Pointer, and 
Condition Code Register 

• Direct Memory Addressing (DMA) and Multiple 
Processor Capability 

• Simplified Clocking Characteristics 

• Clock Rates 1 MHz (F6800), 1.5 MHz (F68A00), and 
2 MHz (F68B00) 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capability 



Logic Symbol 



33 32 31 30 29 28 27 26 



I 1 I 



3- 
37- 





Do Di Dz D3 D4 Ds De 


D7 


Ao 
Ai 
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DBE 






Aio 
All 


TSC 
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RESET 
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Pin Names 




D0-D7 


Bidirectional Data Bus 


HALT 


Halt Input 


01, 02 


Clock Inputs 


IRQ 


Interrupt Request Input 


NMI 


Non-Maskable Interrupt Input 


DBE 


Data Bus Enable Input 


TSC 


3-State Control Input 


RESET 


Reset Input 


VMA 


Valid Memory Address Output 


BA 


Bus Available Output 


A0-A15 


Address Bus Outputs 


R/W 


Read/Write Output 


Vcc 


+5 V Power Supply Input 


Vss 


Ground 



-10 
-11 

-12 
-13 
-14 



-20 
-22 
-23 
-24 
-25 






Vcc 
Vss= 


= Pln8 
= Plns 1, 


21 




Connection Diagram 
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Block Diagram 
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MPU Signal Description 

Proper operation of the MPU requires that certain control and 
timing signals be provided to accomplish specific functions 
and that other signal lines be monitored to determine the 
state of the processor. 

Clocks Phase One and Phase Two ((j(>1,(/>2) 

Two pins are used for a 2-phase non-overlapping clock that 

runs at the Vcc voltage level. 

Figure 27 shows the microprocessor clocks, and the Clock 
Timing table shows the static and dynamic clock 
specifications. The HIGH level is specified at V|hc and the 
LOW level is specified at V|lc. The allpwable clock 
frequency is specified by f (frequency). The minimum 01 and 
02 HIGH level pulse widths are specified by PW^h (pulse 
width HIGH time). To guarantee the required access time for 
the peripherals, the clock up time, tut. 's specified. Clock 
separation, td, is measured at a maximum voltage of Vqv 
(overlap voltage). This allows for a multitude of clock 
variations at the system frequency rate. 



Address Bus (Aq-Ais) 

Sixteen pins are used for the address bus. The outputs are 
3-state bus drivers capable of driving one standard TTL load 
and 90 pF. When the output Is turned off, it is essentially an 
open circuit. This permits the MPU to be used in DMA 
applications. Putting TSC In its HIGH state forces the 
address bus to go Into the 3-state mode. 

Data Bus (D0-D7) 

Eight pins are used for the data bus. it is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has 3-state output buffers capable of driving 
one standard TTL load and 130 pF. The data bus is placed in 
the 3-state mode when DBE is LOW. 

Data Bus Enable (DBE) 

This input is the 3-state control signal for the MPU data bus 
and will enable the bus drivers when In the HIGH state. This 
input is TTL-compatible; however, in normal operation it 
would be driven by the phase two clock. During an MPU read 
cycle, the data bus drivers will be disabled internally. When it 
is desired that another device control the data bus, such as 
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Fig. 1 MPU Flow Chart 
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Notes 

1. Reset is recognized at any position in the flowchart. 

2. Instructions which affect the 1-Bit act upon a one-bit buffer 
register, "ITMP". This has the effect of delaying any clearing of the 
1-Bit one clock time. Setting the 1-Bit, however, is not delayed. 

3. Refer to tables 8 through 13 for details of instruction execution. 
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in Direct Memory Access (DMA) applications, DBE should be 
held LOW. 

If additional data set-up or hold time is required on an MPU 
write, the DBE down time can be decreased as shown in 
Figure 29 (DBE ^ 02). The minimum down time for DBE is 
toBE 3S shown and must occur within 01 up time. The 
minimum delay from the trailing edge of DBE to the trailing 
edge of 01 is tpBED- By skewing DBE with respect to E in this 
manner, data set-up or hold time can be increased. 

Bus Available (BA) 

The Bus Available signal will normally be in the LOW state; 
when activated, it will go to the HIGH state, indicating that 
the microprocessor has stopp ed and that the address bus is 
available. This will occur if the HALT line is in the LOW state 
or the processor is in the WAIT state as a result of the 
execution of a WAIT instruction. At such time, all 3-state 
output drivers will go to their OFF state and other outputs to 
their normally Inactive level. The processor is removed from 
the WAIT state by the occurrence of a maskable (mask bit I 
= "0") or nonmaskable interrupt. This output is capable of 
driving one standard TTL load and 30 pF. If TSC is in the 
HIGH state. Bus Available will be LOW. 

Read/Write (R/W) 

This TTL-compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (HIGH) or 
Write (LOW) state. The normal standby state of this signal is 
Read (HIGH) . 3-State Control (TSC) going HIGH will turn 
Read /Write to the OFF (high-rmpedance) state. Also, when 
the processor is halted, it will be in the OFF state. This 
output is capable of driving one standard TTL load 
and 90 pF. 



Res et (RES ET) 

The RESET input is used to reset and start the MPU from a 
power-down condition resulting from a power failure or initial 
start-up of the processor. This input can also be used to 
reinitialize the machine at any time after start-up. 

If a HIGH level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset 
sequence, the contents of the last two locations (FFFE, 
FFFF) in memory will be loaded into the program counter to 
point to the beginning of the reset routine. During the reset 
routine, the interrupt mask bit is set and must be cleared 
unde r program control before the MPU can be interrupted by 
IRQ. While RESET is LOW (assuming a minimum of eight 
clock cycles have occurred) the MPU output signals will be 
in the following states: VMA = LOW, BA = LOW, data bus = 
high impedance, R/W = HIGH (read state), and the address 
bus will contain the reset address FFFE. Figure 2 illustrates 
a power-up sequence using the RESET control line. After the 
power supply reaches 4,75 V a minimunr^ of eight clock 



cycles are required for the processor to stabilize in 
preparation for restarting. During these eight cycles, VMA 
will be in an indeterminate state so any devices that are 
enabled by VMA which could accept a false write during this 
time (such as a battery-backed RAM) must be disabled until 
VMA is forced LOW after eight cycles. RESET can go HIGH 
asynchronously with the system clock any time after the 
eighth cycle. 

Reset timing is shown in Figure 2 and the Read/Write Timing 
table. The maximum rise and fall transition times are 



specified by tpcr and tpcf- If RESET is HIGH at tpcs 
(processor control set-up time) as shown in Figure 2 in any 
given cycle, then the restart sequence will begin on the next 
cycle as shown. The RESET control line may also be used to 
reinitialize the MPU system at any time during its operation. 
This is accomplished by pulsing RESET LOW for the duration 
of a minimum of three complete 02 cycles. The Reset pulse 
can be completely asynchronous with the MPU system clock 
and will be recognized during 02 if set-up time tpcs 's met. 

Interrupt Request (IRQ) 

This level-sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait 
until it completes the current instruction that is being 
executed before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrgpt sequence. The index 
register, program counter, accumulators, and condition code 
register are stored away on the stack. Next the MPU will 
respond to the interrupt request by setting the interrupt mask 
bit HIGH so that further interrupts may occur. At the end of 
the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations 
FFF8 and FFF9. An address loaded at these locations 
causes the MPU to branch to an interrupt routine in memory. 
Interrupt timing is shown in Figure 3. 

The HALT line must be in the HIGH state for interrupts to be 
serviced. Interrupts will be latched internally while HALT 
is LOW. 

The IRQ has a high-impedance pullup device internal to the 
chip; however, a 3 kl2 external resistor to Vqc should be 
used for wire-OR and optimum control of interrupts. 

Non-Maskable Interrupt (NMI) and Wait for Interrupt (WAI) 

The F6800 is c apable of handling two types of interrupts: 
maskable (IRQ) as described earlier, and non-maskable 
(NMI). IRQ is maskable by the interrupt mask in the condition 
code register while NMI is not n.cSkable. The handling of 
these interrupts by the MPU is the same except that each 
has its own vector address. The behavior of the MPU when 
interrupted is shown in Figure 3 which details the MPU 
response to an interrupt while the MPU is executing the 
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Fig. 2 Reset Timing 
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control program. The interrupt shown could be either IRQ or 
NMI and can be asynchronous with respect to 02. The 
interrupt is shown going LOW at time tpcs in cycle #1 which 
precedes the first cycle of an instruction (OP code fetch). 
This instruction is not executed, but instead, the program 
counter (PC), index register (IX), accumulators (ACCX), and 
the condition code register (COR) are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. The 
address of the interrupt service routine is then fetched from 
FFFC, FFFD for an NMI interrupt and from FFF8, FFF9 for an 
IRQ interrupt, Upon completion of the interrupt service 
routine, the execution of RTI will pull the PC, IX, ACCX, and 
CCR off of the stack; the Interrupt Mask bit is restored to its 
condition prior to Interrupts. 

Figure 4 Is a similar interrupt sequence, except in this case, 
a WAIT instruction has been executed in preparation for the 
interrupt. This technique speeds up the MPU's response to 
the interrupt because the stacking of the PC, IX, ACCX, and 
the CCR is already done. While the MPU is waiting for the 
interrupt, Bus Available will go HIGH indicating the following 
states of the control lines: VMA is LOW, and the address 
bus, R/W and data bus are all in the high impedance state. 
After the Interrupt occurs, it is serviced as 
previously described. 

Table 1 Memory Map for Interrupt Vectors 



Vector 




MS 


LS 


Description 


FFFE 


FFFF 


Restart 


FFFC 


FFFD 


Non-maskable Interrupt 


FFFA 


FFFB 


Software Interrupt 


FFF8 


FFF9 


Interrupt Request 



Refer to Figure 4 for program flow for Interrupts. 

3-State Control (ISC) 

When the 3-State Control^(TSC) line is a logic "1", the 
address bus and the R/W line are placed in a high 
impedance state. VMA and BA are forced LOW when TSC = 
"1" to prevent false reads or writes on any device enabled 
by VMA. It is necessary to delay program execution while , 
TSC is held HIGH. This is done by insuring that no transitions 
of 01 (or 02) occur during this period. (Logic levels of the 
clocks are irrelevant so long as they do not change.) Since 
the MPU is a dynamic device, the 01 clock can be stopped 
for a maximum time PW^h without destroying data within the 
MPU. TSC then can be used in a short Direct Memory 
Access (DMA) application. 

Figure 5 shows the effect of TSC on the MPU. TSC must 
have its transitions at tjsE (3-state enable) while holding 01 
HIGH and 02 LOW as shown. The address bus and R/W line 



will reach the high impedance state at tjsD (3-state delay), 
with VMA being forced LOW. In this example, the data bus is 
also in the high impedance state while 02 is being held LOW 
since DBE = 02. At this time, a DMA transfer could occur on 
cycles #3 and #4. When TSC is returned LOW, the MPU 
address and R/W lines return to the bus. Because it is too 
late in cycle #5 to access memory, this cycle is dead and 
used for synchronization. Program execution resumes in 
cycle #6. 

Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not 3-state. One 
standard TTL load and 90 pF may be directly driven by this 
active HIGH signal. 



HALT 

When this level sensitive input is in the LOW state, all 
activity in the machine will be halted. 

The Halt line provides an input to the MPU t o allow control 
of program execution by an outside source. If HALT is HIGH, 
the MPU will execute the instructions; if it is LOW, the MPU 
will go to a halted, or idle, mode. A response signal, Bus 
Available (BA) provides an indication of the current MPU 
status. When BA is LOW, the MPU is in the process of 
executing the control program; if BA is HIGH, the MPU has 
halted and all internal activity has stopped. 

When BA is HIGH, the address bus, data bus, and R/W line 
will be in a high impedance state, effectively removing the 
MPU from the system bus. VMA is forced LOW so that the 
floating system bus will not activate any device on the bus 
that is enabled by VMA. 

While the MPU is halte d, all program activity is stopped, and 
If either an NMI or IRQ interrupt occurs, it will be latched into 
the MPU and acted o n as so on as the MPU is taken out of 
the halted mode. If a RESET command occurs while the 
MPU is halted, the following states occur: VMA = LOW, 
BA = LOW, data bus = high impedance, R/W = HIGH (read 
state), and the address bus will contain addre ss FFFE as 
long as RESET is LOW. As soon as the HALT line goes HIGH, 
the MPU will go to locations FFFE and FFFF for the address 
of the reset routine. 

Figure 6 shows the timing relationships involved when halting 
the MPU. The instruction illustrated is a 1-byte, 2-cycle 
instruction such as CLRA. When HALT goes LOW, the MPU 
will halt after completing execution of the current instruction. 
The transition of HALT must occur tpcs before the trailing 
edge of 01 of the last cycle of an instruction (Point A of 
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Fig. 4 Wait instruction Timing 
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Fig. 5 3-State Control Timing 
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Figure 6). HALT must not go LOW any time later than the 
minimum tpcs specified. 

The fetch of t he OP code by the MPU is the first cycle of the 
instruction. If HALT had not been LOW at Point A, but went 
LOW during 02 of that cycle, the MPU would have halted 
after completion of the following instruction. BA will go HIGH 
by time teA (bus available delay time) after the last 
instruction cycle. At this time, VMA is LOW and R/W, 
address bus, and the data bus are in the 
high-impedance state. 

To debug programs it is advantageous to step through 
programs instruction by instruction. To do this, HALT must be 
brought HIGH for one MPU cycle and then returned LOW as 
shown at Point B of Figure 6. Again, the transitions of HALT 
must occur tpcs before the trailing edge of the next 01, 
indicating that the Address Bus, Data Bus, VMA and R/W 
lines are back on the bus. A single-byte, 2-cycle instruction 
such as LSR is used for this example also. During the first 
cycle, the instruction Y is fetched from address M + 1. BA 
returns HIGH at teA on the last cycle of the instruction 
indicating the MPU is off the bus. If instruction Y had been 
three cycles, the width of the BA LOW time would have been 
increased by one cycle. 

MPU Registers 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Figure 7). 

Program Counter 

The program counter is a 2-byte (16 bits) register that points 
to the current program address. 

Stack Pointer 

The stack pointer is a 2-byte register that contains the 
address of the next available location in an external push- 
down/pop-up stack. This stack is normally a random access 
read /write memory that may have any location (address) 
that is convenient. In those applications that require storage 
of information in the stack when power is lost, the stack must 
be nonvolatile. 

Index Register 

The index register is a 2-byte register that is used to store 
data or a 16-bit memory address for the Indexed mode of 
memory addressing. 

Accumulators 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit (ALU). 

Condition Code Register 

The condition code register indicates the results of an 



arithmetic logic unit operation: negative (N), zero (Z), 
overflow (V), carry from bit 7 (0), and half carry from bit 3 
(H). These bits of the condition code register are used as 
testable conditions for the conditional branch instructions. Bit 
4 is the interrupt mask bit (I). The unused bits of the 
condition code register (bit 6 and bit 7) are ones. 

MPU Instruction Set 

The F6800 instructions are described in detail in the F6800 
Programming Manual. This section will provide a brief 
introduction and discuss their use in developing F6800 
control programs. The F6800 has a set of 72 different 
executable source instructions. Included are binary and 
decimal arithmetic, logical, shift, rotate, load, store, 
conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

Each of the 72 executable instructions of the source 
language assembles into one to three bytes of machine 
code. The number of bytes depends on the particular 
instruction and on the addressing mode. (The addressing 
modes which are available for use with the various executive 
instructions are discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 72 
instructions in all valid modes of addressing, are shown in 
Table 2. There are 197 valid machine codes, 59 of the 256 
possible codes being unassigned. 

When an instruction translates into two or three bytes of 
code, the second byte, or the second and third bytes 
contain(s) an operand, an address, or information from which 
an address is obtained during execution. 

Microprocessor instructions are often divided into three 
general classifications: (1) memory reference, so called 
because they operate on specific memory locations; (2) 
operating instructions that function without needing a memory 
reference; (3) I/O instructions for transferring data between 
the microprocessor and peripheral devices. 

In many instances, the F6800 performs the same operation 
on both its internal accumulators and the external memory 
locations. In addition, the F6800 interface adapters (PIA and 
ACIA) allow the MPU to treat peripheral devices exactly like 
other memory locations, hence, no I/O instructions as such 
are required. Because of these features, other 
classifications are more suitable for introducing the F6800's 
instruction set: (1) accumulator and memory operations; (2) 
program control operations; (3) condition code 
register operations. 
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Fig. 7 Programming Model of The Microprocessing Unit 
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Table 2 Microprocessor Instruction Set— Alphabetic Sequence 



ABA 


Add Accumuiators 


ADC 


Add with Carry 


ADD 


Add 


AND 


Logical And 


ASL 


Arithmetic Shift Left 


ASR 


Arithmetic Shift Right 


BCC 


Branch if Carry Clear 


BCS 


Branch if Carry Set 


BEQ 


Branch if Equal to Zero 


BGE 


Branch if Greater or Equal Zero 


BGT 


Branch if Greater than Zero 


BHI 


Branch if Higher 


BIT 


Bit Test 


BLE 


Branch if Less or Equal 


BLS 


Branch if Lower or Same 


BLT 


Branch if Less than Zero 


BMI 


Branch if Minus 


BNE 


Branch if Not Equal to Zero 


BPL 


Branch if Plus 


BRA 


Branch Always 


BSR 


Branch to Subroutine 


BVC 


Branch if Overflow Clear 


BVS 


Branch if Overflow Set 


CBA 


Compare Accumulators 


CLC 


Clear Carry 


CLI 


Clear Interrupt Mask 


CLR 


Clear 



CLV 


Clear Overflow 


ROR 


Rotate Right 


CMP 


Compare 


RTI 


Return from Interrupt 


COM 


Complement 


RTS 


Return from Subroutine 


CPX 


Compare Index Register 


SBA 


Subtract Accumulators 


DAA 


Decimal Adjust 


SBC 


Subtract with Carry 


DEC 


Decrement 


SEC 


Set Carry 


DES 


Decrement Stack Pointer 


SEI 


Set Interrupt Mask 


DEX 


Decrement Index Register 


SEV 


Set Overflow 


EOR 


Exclusive OR 


STA 


Store Accumulator 






STS 


Store Stack Register 


INC 


Increment 


STX 


Store Index Register 


INS 


Increment Stack Pointer 


SUB 


Subtract 


INX 


Increment Index Register 


SWI 


Software Interrupt 


JMP 


Jump 


TAB 


Transfer Accumulators 


JSR 


Jump to Subroutine 


TAP 


Transfer Accumulators to Condition 


LDA 


Load Accumulator 




Code Reg. 


LDS 


Load Stack Pointer 


TBA 


Transfer Accumulators 


LDX 


Load Index Register 


TPA 


Transfer Condition Code Reg. to 


LSR 


Logical Shift Right 




Accumulator 


NEG 


Negate 


TST 
TSX 


Test 

Transfer Stack Pointer to Index 


NOP 


No Operation 




Register 


ORA 


Inclusive OR Accumulator 


TXS 


Transfer Index Register to Stack 


PSH 


Push Data 




Pointer 


PUL 


Pull Data 


WAI 


Wait for Interrupt 


ROL 


Rotate Left 
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Table 3 Hexadecimal Values of Machine Codes 





00 


* 




3B 


RTI 






76 


ROR 




EXT 


B1 


CMP 


A 


EXT 


EC 


* 








01 


NOP 




3C 


* 






77 


ASR 




EXT 


B2 


SBC 


A 


EXT 


ED 


* 








02 


• 




3D 








78 


ASL 




EXT 


B3 


* 






EE 


LDX 




IND 




03 


* 




3E 


WAI 






79 


ROL 




EXT 


B4 


AND 


A 


EXT 


EF 


STX 




IND 




04 


* 




3F 


SWI 






7A 


DEC 




EXT 


B5 


BIT 


A 


EXT 


FO 


SUB 


B 


EXT 




05 


* 




40 


NEG 


A 




7B 


* 






B6 


LDA 


A 


EXT 


F1 


CMP 


B 


EXT 




06 


TAP 




41 








70 


INC 




EXT 


B7 


STA 


A 


EXT 


F2 


SBC 


B 


EXT 




07 


TPA 




42 








7D 


TST 




EXT 


B8 


EOR 


A 


EXT 


F3 


* 








08 


INX 




43 


COM 


A 




7E 


JMP 




EXT 


B9 


ADC 


A 


EXT 


F4 


AND 


B 


EXT 




09 


DEX 




44 


LSR 


A 




7F 


CLR 




EXT 


BA 


ORA 


A 


EXT 


F5 


BIT 


B 


EXT 




OA 


CLV 




45 








80 


SUB 


A 


IMM 


BB 


ADD 


A 


EXT 


F6 


LDA 


B 


EXT 




OB 


SEV 




46 


ROR 


A 




81 


CMP 


A 


IMM 


BC 


CPX 




EXT 


F7 


STA 


B 


EXT 




OC 


CLC 




47 


ASR 


A 




82 


SBC 


A 


IMM 


BD 


JSP 




EXT 


F8 


ADC 


B 


EXT 




OD 


SEC 




48 


ASL 


A 




83 


* 






BE 


LDS 




EXT 


F9 


ADC 


B 


EXT 




OE 


CLI 




49 


ROL 


A 




84 


AND 


A 


IMM 


BF 


STS 




EXT 


FA 


ORA 


B 


EXT 




OF 


SEI- 




4A 


DEC 


A 




85 


BIT 


A 


IMM 


CO 


SUB 


B 


IMM 


FB 


ADD 


B 


EXT 




10 


SBA 




4B 


* 






86 


LDA 


A 


IMM 


CI 


CMP 


B 


IMM 


FC 


* 








11 


CBA 




4C 


INC 


A 




87 


* 






02 


SBC 


B 


IMM 


FD 


* 








12 


* 




4D 


TST 


A 




88 


EOR 


A 


IMM 


03 


* 






FE 


LDX 




EXT 




13 


* 




4E 


* , 






89 


ADC 


A 


IMM 


C4 


AND 


B 


IMM 


FF 


STX 




EXT 




14 


* 




4F 


CLR 


A 




8A 


ORA 


A 


IMM 


05 


BIT 


B 


IMM 












15 


* 




50 


NEG 


B 




8B 


ADD 


A 


IMM 


06 


LDA 


B 


IMM 












16 


TAB 




51 


* 






80 


CPX 


A 


IMM 


C7 


* 
















17 


TBA 




52 


* 






8D 


BSR 




REL 


08 


EOR 


B 


IMM 












18 


* 




53 


COM 


B 




8E 


LDS 




IMM 


C9 


ADC 


B 


IMM 












19 


DAA 




54 


LSR 


B 




8F 


* 






CA 


ORA 


B 


IMM 












1A 


* 




55 


* 






90 


SUB 


A 


DIP 


CB 


ADD 


B 


IMM 












IB 


ABA 




56 


ROR 


B 




91 


CMP 


A 


DIP 


CO 


* 
















1C 


* 




57 


ASR 


B 




92 


SBC 


A 


DIP 


CD 


* 
















ID 


* 




58 


ASL 


B 




93 


* 






OE 


LDX 




IMM 












IE 


* 




59 


ROL 


B 




94 


AND 


A 


DIP 


OF 


* 
















IF 






5A 


DEC 


B 




95 


BIT 


A 


DIP 


DO 


SUB 


B 


DIP 












20 


BRA 


PEL 


5B 


* 






96 


LDA 


A 


DIP 


D1 


CMP 


B 


DIP 












21 


* 




5C 


INC 


B 




97 


STA 


A 


DIP 


D2 


SBC 


B 


DIP 












22 


BHI 


REL 


5D 


TST 


B 




98 


EOR 


A 


DIP 


D3 


* 
















23 


BLS 


REL 


5E 








99 


ADC 


A 


DIP 


D4 


AND 


B 


DIP 












24 


BCC 


REL 


5F 


CLR 


B 




9A 


ORA 


A 


DIP 


D5 


BIT 


B 


DIP 












25 


BCS 


REL 


60 


NEG 




IND 


9B 


ADD 


A 


DIP 


D6 


LDA 


B 


DIP 












26 


BNE 


REL 


61 


* 






90 


CPX 




DIP 


D7 


STA 


B 


DIP 












27 


BEQ 


REL 


62 


* 






9D 


* 






D8 


EOR 


B 


DIP 












28 


BVC 


REL 


63 


COM 




IND 


9E 


LDS 




DIP 


D9 


ADC 


B 


DIP 












29 


BVS 


REL 


64 


LSR 




IND 


9F 


STS 




DIP 


DA 


ORA 


B 


DIP 












2A 


BPL 


REL 


65 








AO 


SUB 


A 


IND 


DB 


ADD 


B 


DIP 












2B 


BMI 


REL 


66 


ROR 




IND 


A1 


CMP 


A 


IND 


DC 


* 
















2C 


BGE 


REL 


67 


ASR 




IND 


A2 


SBC 


A 


IND 


DD 


* 
















2D 


BLT 


REL 


68 


ASL 




IND 


A3 








DE 


LDX 




DIR 












2E 


BGT 


REL 


69 


ROL 




IND 


A4 


AND 


A 


IND 


DF 


STX 




DIP 












2F 


BLE 


REL 


6A 


DEC 




IND 


A5 


BIT 


A 


IND 


EO 


SUB 


B 


IND 












30 


TSX 




6B 








A6 


LDA 


A 


IND 


El 


CMP 


B 


IND. 












31 


INS 




6C 


INC 




IND 


A7 


STA 


A 


IND 


E2 


SBC 


B 


IND 












32 


PUL 


A 


6D 


TST 




IND 


A8 


EOR 


A 


IND 


E3 


* 
















33 


PUL 


B 


6E 


JMP 




IND 


A9 


ADC 


A 


IND 


E4 


AND 


B 


IND 












34 


DES 




6F 


CLR 




IND 


AA 


ORA 


A 


IND 


E5 


BIT 


B 


IND 












35 


TXS 




70 


NEG 




EXT 


AB 


ADD 


A 


IND 


E6 


LDA 


B 


IND 












36 


PSH 


A 


71 








AC 


CPX 




IND 


E7 


STA 


• B 


IND 












37 


PSH 


B 


72 








AD 


JSR 




IND 


E8 


EOR 


B 


IND 












38 






73 


COM 




EXT 


AE 


LDS 




IND 


E9 


ADC 


B 


IND 












39 


RTS 




74 


LSR 




EXT 


AF 


STS 




IND 


EA 


ORA 


B 


IND 












3A 


* 




75 








BO 


SUB 


A 


EXT 


EB 


ADD 


B 


IND 










Notes 








































1. Addressing Modes: 






A 


= Accumulator A 




IMM 


= Immediate 






REL = 


Relative 


i 












B 


= Accumulator B 




DIP 


= Direct 






IND 


= 


Indexed 


\ 





2. Unassigned code indicated by an asterisk (*) 



5-21 



F6800/F68A00/F68B00 



Table 4 Accumulator and Memory Operations 

The accumulator and memory operations and their effect on the CCR are shown in Table 4. 
Included are Arithmetic Logic, Data Test and Data Handling instructions. 





Mnemonic 


Addressing Modes 


Boolean/Arithmetic Operation 

(All register labels 
refer to contents 


Cond. Code Reg. * 


Operations 


Immed 


Direct 


Index 


Extnd 


Implied 


5 


4 


3 


2 











OP 


~ = 


OP ~ 


= 


OP 


~ 


= 


OP 


~ 


= 


OP 


~ = 


H 


1 


N 


Z 


JL 


c 


Add 


ADDA 


8B 


2 2 


9B 3 


2 


AB 


5 


2 


BB 




3 






A + M - A 










~^ 


I 




ADDB 


CB 


2 2 


DB 3 


2 


EB 


5 


2 


FB 




3 






B + M ^ B 












t 


Add Acmltrs 


ABA 






















1B 


2 1 


A + B ^ A 


, 










t 


Add with Carry 


ADCA 


89 


2 2 


99 3 


2 


A9 


5 


2 


B9 




3 






A + M + ^ A 












t 




ADCB 


C9 


2 2 


D9 3 


2 


E9 


5 


2 


F9 




3 






B + M + - B 














And 


ANDA 


84 


2 2 


94 3 


2 


A4 


5 


2 


B4 




3 






A . M - A 










R 


• 




ANDB 


C4 


2 2 


D4 3 


2 


E4 


5 


2 


F4 




3 






B . M - B 










R 


• 


Bit Test 


BITA 


85 


2 2 


95 3 


2 


A5 


5 


2 


B5 




3 






A . M 










R 


• 




BITB 


05 


2 2 


D5 3 


2 


E5 


5 


2 


F5 




3 






B . M 










R 


• 


Clear 


CLR 

CLRA 

CLRB 










6F 


7 


2 


7F 


6 


3 


4F 
5F 


2 1 
2 1 


00 - M 
00 - A 
00 - B 






R 
R 
R 


s 
s 
s 


R 
R 
R 


R 
R 

R 


Compare 


CMPA 


81 


2 2 


91 3 


2 


A1 


5 


2 


B1 


4 


3 






A - M 










t 


t 




CMPB 


C1 


2 2 


D1 3 


2 


El 


5 


2 


F1 


4 


3 






B - M 










t 


t 


Compare Acmltrs 


CBA 






















11 


2 1 


A - B 










1 


t 


Complement, Is 


COM 

COMA 

COMB 










63 


7 


2 


73 


6 


3 


43 
53 


2 1 
2 1 


M - M 
A - A 
B - B 










R 
R 
R 


S 
S 

s 


Complement, 2s 


NEG 










60 


7 


2 


70 


6 


3 






00 - M -- M 




• 






1 


2 


(Negate) 


NEGA 
NEGB 






• 
















40 
50 


2 1 
2 1 


00 - A - A 
00 - B - B 










1 
1 


2 
2 


Decimal Adjust, A 


DAA 






















19 


2 1 


Converts Binary Add. of BCD 
Characters into BCD Format 










t 


3 


Decrement 


DEC 

DECA 

DECB 










6A 


7 


2 


7A 


6 


3 


4A 
5A 


2 1 
2 1 


M - 1 ^ M 
A - 1 ^ A 
B - 1 - B 










4 
4 
4 




Exclusive OR 


EORA 


88 


2 2 


98 3 


2 


A8 


5 


2 


B8 


4 


3 






A + M - A 










R 






EORB 


08 


2 2 


D8 3 


2 


E8 


5 


2 


F8 


4 


3 






B + M - B 










R 




Increment 


INC 

INCA 

INCB 










60 


7 


2 


70 


6 


3 


40 
50 


2 1 
2 1 


M + 1 - M 
A + 1 - A 
B + 1 ^ B 










5 
5 
5 




Load Acmltr 


LDAA 


86 


2 2 


96 3 


2 


A6 


5 


2 


B6 


4 


3 






M -- A 










R 






LDAB 


06 


2 2 


D6 3 


2 


E6 


5 


2 


F6 


4 


3 






M - B 










R 




Or, Inclusive 


ORAA 


8A 


2 2 


9A 3 


2 


AA 


5 


2 


BA 


4 


3 






A + M - A 










R 






ORAB 


CA 


2 2 


DA 3 


2 


EA 


5 


2 


FA 


4 


3 






B + M - B 










R 




Push Data 


PSHA 
PSHB 






















36 
37 


4 1 
4 1 


A ^ Msp, SP - 1 - SP 
B - Msp, SP - 1 - SP 






• 
• 


• 
• 


• 
• 




Pull Data 


PULA 
PULB 






















32 
33 


4 1 
4 1 


SP + 1 - SP, Msp - A 
SP + 1 ^ SP, Msp - B 






• 
• 


• 
• 


• 
• 
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Table 4 Accumulator and Memory Operations (Cont.) 




















Mnemonic 


Addressing IVIodes 


Boolean/Arithmetic Operation 

(All register labels 
refer to contents 


Cond. Code Reg. * 


Operations 


Immed 


Direct 


Index 


Extnd 


Implied 


5 


4 


3 


2 


1 









OP ~ = 


OP ~ = 


OP ~ = 


OP ~ = 


OP ~ = 




1 


N 


Z 


V 


C 




ROL 






69 7 2 


79 6 3 




^ 










6 




Rotate Left 


A M 1 — 1 1 1 1 1 1 1 1 |J 






ROLA 










49 2 1 










6 


















„ C b7 -• — bO 
















ROLB 










59 2 1 


B ) 
M ^ 










b 
6 


















A [Ln-i 1 1 1 1 1 1 1 h-J 














RORA 










46 2 1 










6 


















-.0 b7 — ^ bO 
















RORB 










56 2 1 












b 




Shift Left, 


ASL 
ASLA 






68 7 2 


78 6 3 


48 2 1 


M| _ 










6 
6 




Arithmetic 


A \ 1 1 ^ 1 1 1 1 1 1 1 1 1^0 






D 1 C b7 bO 






ASLB 










58 2 1 


° J 










b 




Shift Right, 


ASR 






67 7 2 


77 6 3 




A HI 1 1 1 1 1 1 1 — n 










6 




Arithmetic 


ASRA 










47 2 1 










6 


















„ b7 bO C 
















ASRB 










57 2 1 


B J 


• 








b 




Shift Right, 


LSR 
LSRA 






64 7 2 


74 6 3 


44 2 1 


M ^ 






R 
R 




6 
6 




Logic 


A ioH 1 1 1 1 1 1 1 1 — 1 1 


















„ b7 bO C 
















LSRB 










54 2 1 


B J 






H 




b 




Store Acmltr 


STAA 




97 4 2 


A7 6 2 


B7 5 3 




A - M 










R 


• 




STAB 




D7 4 2 


E7 6 2 


F7 5 3 




B - M 










R 


• 


Subtract 


SUBA 
SUBB 


60 2 2 
CO 2 2 


90 3 2 
DO 3 2 


AO 5 2 
EO 5 2 


80 4 3 
FO 4 3 




A- M - A 
B - M ~ B 














Subtract Acmltrs 


SBA 










10 2 1 


A- B - A 














Subtr. with Carry 


SBCA 
SBCB 


82 2 2 
C2 2 2 


92 3 2 
D2 3 2 


A2 5 2 
E2 5 2 


B2 4 3 
F2 4 3 




A- M -C - A 
B-M-C - B 














Transfer Acmltrs 


TAB 
TBA 










16 2 1 

17 2 1 


A -< B 
B - A 










R 
R 


• 

• 


Test, Zero 


TST 






6D 7 2 


7D 6 3 




M -00 










R 


R 


or Minus 


TSTA 
TSTB 








■ 


4D 2 1 
5D 2 1 


A -00 
B -00 










R 
R 


R 
R 




















1 


N 


Z 


V 


C 



Note 

Accumulator addressing mode instructions are included in the column for IMPLIED addressing 
*See condition code register notes page 26 



Legend: 


OP 


Operation Code (Hexadecimal) 


^ 


Number of MRU Cycles; 


# 


Number of Program Bytes; 


+ 


Arithmetic Plus; 


- 


Arithmetic Minus; 


• 


Boolean AND; 


Msp 


Contents of memory location 




pointed to be Stack Pointer; 


+ 


Boolean Inclusive OR; 


(±) 


Boolean Exclusive OR; 


M 


Complement of M; 


-— 


Transfer Into; 





Bit s= Zero; 


00 


Byte = Zero; 



Condition Code Symbols: 

H Half-carry from bit 3; 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow. 2's complement 

C Carry from bit 7 

R Reset Always 

S Set Always 

Test and set if true, cleared otherwise 
• Not Affected 
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Program Control Operations 

Program Control operation can be subdivided into two 
categories: (1) Index register /stack pointer instructions; (2) 
jump and branch operations. 



register. This causes the next byte to be pulled from the 
stack to come from the location indicated by the index 
register. The utility of these two Instructions can be clarified 
by describing the stack concept relative to the 
F6800 system. 



Index Register/ Stack Pointer Operations 

The instructions for direct operation on the MRU's Index 
register and stack pointer are summarized in Table 5. 
Decrement (DEX, DES), increment (INX, INS), load (LDX, 
LDS), and store (STX, STS) Instructions are provided for 
both. The compare Instruction, CPX, can be used to compare 
the index register to a 16-blt value and update the condition 
code register accordingly. 

The TSX instruction causes the index register to be loaded 
with the address of the last data byte put onto the stack. 
The TXS instruction loads the stack pointer with a value 
equal to one less than the current contents of the index 



The stack can be thought of as a sequential list of data 
stored In the MRU's read /write memory. The stack pointer 
contains a 16-bit memory address that Is used to access the 
list from one end on a last-ln-flrst-out (LIFO) basis in contrast 
to the random access mode used by the MRU's other 
addressing modes. 

The F6800 instruction set and interrupt structure allow 
extensive use of the stack concept for efficient handling of 
data movement, subroutines and interrupts. The instructions 
can be used to establish one or more stacks anywhere in 
read /write memory. Stack length is limited only by the 
amount of memory that is made available. 



Table 5 Index Register and Stack Pointer Instructions 






























Mnemonic 


Immed 


Direct 


Index 


Extend 


Implied 


Boolean/Arithmetic 
Operation 


Cond. Code Reg.* 


Pointer 


5 




3 


2 


1 


n 


Operations 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


^ 


# 




H 




N 


Z 


V 


c 


Compare 
.Index Reg 


CPX 


8C 


3 


3 


9C 


4 


2 


AC 


6 


2 


BC 


5 


3 








Xh - M, Xl - (M + 1) 






® 


} 


® 




Decrement 
Index Reg 


DEX 


























09 


4 


1 


X - 1 -^ X 








J 


• 




Decrement 
Stack Pntr ; 


DES 


























34 


4 


1 


SP - 1 -- SP 








• 


• 




Increment 
Index Reg 


INX 


























08 


4 


1 


X + 1 -^ X 








t 


• 




Increment 
Stack Pntr 


INS 


























31 


4 


1 


SP + 1 ^ SP 








• 


• 




Load 
Index Reg 


LDX 


GE 


3 


3 


DE 


4 


2 


EE 


6 


2 


FE 


5 


3 








M -^ Xh, (M + 1) - Xl 






® 


I 


R 




Load 
Stack Pntr 


LDS 


8E 


3 


3 


9E 


4 


2 


AE 


6 


2 


BE 


5 


3 








M - SPh, (M + 1) - SPl 






® 


I 


R 




Store 
Index Reg 


STX 








DF 


5 


2 


EF 


7 


2 


FF 


6 


3 








Xh - M, Xl - (M + 1) 






® 


t 


R 




Store 
Stack Pntr 


STS 








9F 


5 


2 


AF 


7 


2 


BF 


6 


3 








SPh - M, SPl - (M + 1) 






® 


t 


R 




Indx Reg - 
Stack Pntr 


TXS 


























35 


4 


1 


X - 1 - SP 






• 


• 


• 




Stack Pntr - 
Indx Reg 


TSX 


























30 


4 


1 


SP + 1 - X 






• 


• ' 


• 





*See condition code register notes page 26 
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Operation of the stack pointer with the push and pull 
instructions is illustrated in Figures 8 and 9. The push 
instruction (PSHA) causes the contents of the indicated 
accumulator (A in this example) to be stored in memory at 
the location indicated by the stack pointer. The stack pointer 
is automatically decremented by one following the storage 
operation and is "pointing" to the next empty stack location. 
The pull instruction (PULA or PULB) causes the last byte 
stacked to be loaded into the appropriate accumulator. The 
stack pointer is automatically incremented by one just prior 
to the data transfer so that it will point to the last byte 
stacked rather than the next empty location. Note that the 
pull instruction does not remove the data from memory; in the 
example. 1A is still in location (m + 1) following execution of 
PULA. A subsequent push instruction would overwrite that 
location with the new pushed data. 

Execution of the branch to subroutine (BSR) and jump to 
subroutine (JSR) instructions cause a return address to be 
saved on the stack as shown in Figures 1 1 through 13. The 
stack is decremented after each byte of the return address 



is pushed onto the stack. For both of these instructions, the 
return address is the memory location following the bytes of 
code that correspond to the BSR and JSR instruction. The 
code required for BSR or JSR may be either two or three 
bytes, depending on whether the JSR is in the indexed (two 
bytes) or the extended (three bytes) addressing mode. 
Before it is stacked, the program counter is automatically 
incremented the correct number of times to be pointing at the 
location of the next instruction. The return from subroutine 
instruction, RTS, causes the return address to be retrieved 
and loaded into the program counter as shown in Figure 14. 

There are several operations that cause the status of the 
MPU to be saved on the stack. The software interrupt (SWI) 
and wait fo r int errupt (WAI) instructi ons as well as the 
maskable (IRQ) and non-maskable (NMI) hardware interrupts 
all cause the MRU's internal registers (except for the stack 
pointer itself) to be stacked as shown in Figure 16. MPU 
status Is restored by the return from interrupt, RTI, as shown 
in Figure 16. 



Fig. 8 Stack Operation, Push Instruction 



PREVIOUSLY 

STACKED 

DATA 




SP ►m - 1 

NEW DATA m 



PREVIOUSLY 

STACKED 

DATA 




(a) BEFORE PSHA 



(b) AFTER PSHA 
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Fig. 9 Stack Operation, Pull Instruction 



I ■*■» I 



A- 

Vi 



PREVIOUSLY 

STACKED 

DATA 



Vn 



(a) BEFORE PULA 



CD 



^ 



SP m + 1 

PREV«0USLY(m + 2 
STACKED 

DATA I m + 3 



/lJ 



(b) AFTER PULA 



Fig. 10 Program Flow for Jump and Branch instructions 



PC MAIN PROGRAM 



n 


6E = JMP 


n+ 1 


K = OFFSET 


X + K 


\ 


NEXT instruction] 



PC MAIN PROGRAM 



n 


7E = JMP 


n+ 1 


KH==NEXT ADDRESS 


n + 2 


Kl=NEXT ADDRESS 


K 


• 
• 


NEXT INSTRUCTION | 





MAIN PROGRAM 


n 


2<^ = BRA 


n+ 1 


K = OFFSET 




5 


(n + 2) ±K 


NEXT INSTRUCTION | 



K = SIGNED 7-BIT VALUE 
(b) BRANCH 



Fig. 1 1 Program Flow for BSR 



n + 1 
n + 2 



±K ^ OFFSET* 



NEXT MAIN INSTR 



*K = SIGNED 7-BIT 
VALUE 



(a) BEFORE EXECUTION 



SP— ►m -2 
m -1 



(n + 2)H 



(n+2)L 



n + 1 
n+2 



PC-*^(n+2)±K 



NEXT MAIN INSTR 



1ST SUBR INSTR 



(b) AFTER EXECUTION 
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Fig. 12 Program Flow for JSR (Extended) 



n + 1 
n + 2 
n + 3 









7E 


7A 


7" 


JSR = BD 1 


Sh 


= SUBRADDR 1 


Sl 


= SUBRADDR | 


NEXT MAIN INSTR 1 



(a) BEFORE EXECUTION 



(S FORMED FROM 
ShANDSl) 





1 


""^^^ 1 


m-3 




m-2 




m-1 


(n + 3)H 


m 


(n + 3)L 


m + 1 


7E 


m +2 


7A 




TZ,^ 1 


n 


JSR 


n + 1 


Sh 


= SUBR ADDR | 


n + 2 


Sl 


= SUBR ADDR | 


n + 3 


NEXT MAIN INSTR | 




r-^ 


-►S 


1ST SUBR INSTR 







(b) AFTER EXECUTION 



Fig. 13 Program Flow for JSR (Indexed) 



m-2 

m -1 

SP — ►m 

m + 1 



n + 1 
n +2 



NEXT MAIN INSTR 



*K = 8-BIT 

UNSIGNED VALUE 



(a) BEFORE EXECUTION 



SP— ►m-2 



(n+2)L 




NEXT MAIN INSTR 




•CONTENTS OF 
INDEX REGISTER 

(b) AFTER EXECUTION 
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Fig. 14 Program Flow for RTS 




n + 1 

n +2 

•►n +3 



Sh = SUBR ADDR 



Sl = SUBRADDR 



NEXT MAIN INSTR 



LAST SUBR INSTR 



(a) BEFORE EXECUTION 



(b) AFTER EXECUTION 



Fig. 15 Program Flow for RTI 





1 ** '^ 








CCR 




ACCB 




ACCA 




Xh (INDEX REG) 




Xl (INDEX REG) 




PC(n + 1)H 


m 


PC(n + 1)L 




7E 




Xh 




(a) BEFORE EXECUTION 



(b) AFTER EXECUTION 
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Fig. 16 Program Flow for Interrupts 



SOFTWARE INTERRUPT 
MAIN PROGRAM 



WAIT FOR 

INTERRUPT 

MAIN PROGRAM 



NEXT MAIN INSTR 



NEXT MAIN INSTR 



HARDWARE INTERRUPT OR 

NON-MASKABLE INTERRUPT (NMI) 

MAIN PROGRAM 



LAST PROG BYTE 





-^MASK SET?> 



CONTINUE MAIN PROG 



NEXT MAIN INSTR 



STACK MPU I 

REGISTER CONTENTS I 



^ 





STACK 


7 




6 


CONDITION CODE 


5 


ACMLTR B 


4 


ACMLTR A 


3 


INDEX REGISTER (Xh) 


2 


INDEX REGISTER (XJ 


1 


PC(n + 1)H 


m 


PC(n + 1)L 



FFFA 
u FFFB 



HDWR 
INT 



FFF8 
f FFF9 




FFFC 



FFFE 



FFFDjrFFFFjf 



INTERRUPT MEMORY 
ASSIGNMENT^ 



FFF8 


CONSTANT, HDWARE 


MS 


FFF9 


CONSTANT, HDWARE 


LS 


FFFA 


SOFTWARE 


MS 


FFFB 


SOFTWARE 


LS 


FFFC 


NON-MASKABLE INT 


MS 


FFFD 


NON-MASKABLE INT 


LS 


FFFE 


RESTART 


MS 


FFFF 


RESTART 


LS 



^ 



FIRST INSTR 
ADDR FORMED 
BY FETCHING 
2 BYTES FROM 
PER MEM 
ASSIGN 



SET INTERRUPT 
MASK (OCR 4) 



LOAD INTERRUPT 

VECTOR INTO 

PROGRAM COUNTER 



INTERRUPT PROGRAM 



I 1ST INTERRUPT INSTR 



Note 

MS = Most Significant Address Byte 
LS = Least Significant Address Byte 
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Jump and Branch Operation 

The jump and branch instructions are summarized in Table 6. 
These instructions are used to control the transfer of 
operation from one point to another in the control program. 

The no operation instruction, NOP, while included here, is a 
jump operation in a very limited sense. Its only effect is to 
increment the program counter by one. It is useful during 
program development as a stand-in for some other 
instruction that is to be determined during debug. It is also 
used for equalizing the execution time through alternate 
paths in a control program. 



Execution of the jump instruction, JMP, and branch always, 
BRA, affects program flow as shown in Figure 10. When the 
MRU encounters the jump (indexed) instruction, it adds the 
offset to the value in the index register and uses the result 
as the address of the next instruction to be executed. In the 
extended addressing mode, the address of the next 
instruction to be executed is fetched from the two locations 
immediately following the JMP Instruction. The branch always 
(BRA) instruction is similar to the JMP (extended) instruction 
except that the relative addressing mode applies and the 
branch is limited to the range within -125 or +127 bytes of 
the branch instruction itself. The opcode for the BRA 
instruction requires one less byte than JMP (extended) but 
takes one more cycle to execute. 



Table 6 Jump and Branch Instructions 



Operations 



Mnemonic 



Relative 



OP 



Index 



OP 



Extend 



OP 



Implied 



OP 



Branch Test 



Cond. Code Reg. f 



Branch Always 
Branch if Carry Clear 
Branch if Carry Set 
Branch if = Zero 
Branch if > Zero 
Branch if > Zero 
Branch if Higher 
Branch if < Zero 
Branch if Lower or Same 
Branch if < Zero 
Branch if Minus 
Branch if not Equal Zero 
Branch if Overflow Clear 
Branch if Overflow Set 
Branch if Plus 
Branch to Subroutine 
Jump 

Jump to Subroutine 
No Operation 
Return from interrupt 
Return from Subroutine 
Software Interrupt 
Wait for Interrupt* 



BRA 

BCC 

BCS 

BEG 

BGE 

BGT 

BHI 

BLE 

BLS 

BLT 

BMI 

BNE 

BVC 

BVS 

BPL 

BSR 

JMP 

JSR 

NOP 

RTI 

RTS 

SWI 

WAI 



None 

C = 

C = 1 

Z = 1 

N + V = 

Z + (N + V) = 

C + Z = 

Z + (N + V) =1 

C +• Z = 1 

N + V = 1 

N = 1 

Z = 

V = 

V = 1 
N = 

> See Special Operations 
Advances Prog. Cntr. Only 

} See Special Operations 



-@- 



® 



•WAI puts address bus, R/W, and data bus in the 3-state mode while VMA is held LOW. 
fSee condition code register notes page 26. 
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The effect on program flow for the jump to subroutine (JSR) 
and branch to subroutine (BSR) is shown in Figures 1 1 
through 13. Note that the program counter is properly 
incremented to be pointing at the correct return address 
before it is stacked. Operation of the branch to subroutine 
and jump to subroutine (extended) instruction is similar 
except for the range. The BSR instruction requires less 
opcode than JSR (2 bytes versus 3 bytes) and also executes 
one cycle faster than JSR. The return from subroutine, RTS, 
is used at the end of a subroutine to return to the main 
program as indicated in Figure 14. 

The effect of executing the software interrupt, SWI, and the 
wait for interrupt, WAI, and their relationship to the hardware 
interrupts is shown In Figure 15. SWI causes the MPU 
contents to be stacked and then fetches the starting address 
of the interrupt routine from the memory locations that 
respond to the addresses FFFA and FFFB. Note that as in 
the case of the subroutine instructions, the program counter 
is incremented to point at the correct return address before 
being stacked. The return from interrupt instruction, RTI, 
(Figure 15) is used at the end of an Interrupt routine to 
restore control to the main program. The SWI instruction is 
useful for inserting break points in the control program, that 
is, it can be used to stop operation and put the MPU 
registers in memory where they can be examined. The WAI 
instruction is used to decrease the time required to service a 
hardware interrupt; it stacks the MPU contents and then 
waits for the interrupt to occur, effectively removing the 
stacking time from a hardware interrupt sequence. 

Fig. 17 Conditional Branch Instructions 



BMI: 
BPL : 



N = 1 ; 
N = 0; 



BVC : V = 
BVS : V = 



1 ; 



BEQ : 


Z = 1 ; 


BNE: 


Z = 0; 


BCC : 


C = ; 


BCS: 


C=1 ; 



BHI : C + Z = ; BLT : N © V = 1 ; 
BLS : C + Z = 1 ; BGE : N © V = ; 

BLE : Z + (N © V) = 1 ; 

BGT : Z + (N © V) = ; 

The conditional branch instructions. Figure 17, consist of 
seven pairs of complementary instructions. They are used to 
test the results of the preceding operation and either 
continue with the next instruction in sequence (test fails), or 
cause a branch to another point in the program 
(test succeeds). 

Four of the pairs are used for simple tests of status bits N, Z, 

V, and C: 

1. Branch on minus (BMI) and branch on plus (BPL) 
tests the sign bit, N, to determine if the previous result 



was negative or positive, respectively. 

2. Branch on equal (BEQ) and branch on not equal 
(BNE) are used to test the zero status bit, Z, to 
determine whether or not the result of the previous 
operation was equal to zero. These two instructions are 
useful following a compare (CMP) instruction to test for 
equality between an accumulator and the operand. 
They are also used following the bit test (BIT) to 
determine whether or not the same bit positions are set 
in an accumulator and the operand. 

3. Branch on overflow clear (BVC) and branch on 
overflow set (BVS) tests the state of the V bit to 
determine if the previous operation caused an 
arithmetic overflow. 

4. Branch on carry clear (BCC) and branch on carry 
set (BCS) tests the state of the C bit to determine if 
the previous operation caused a carry to occur. BCC 
and BCS are useful for testing relative magnitude when 
the values being tested are regarded as unsigned 
binary numbers, that is, the values are in the range 00 
(lowest) to FF (highest). BCC following a comparison 
(CMP) will cause a branch if the (unsigned) value in the 
accumulator is higher than or the same as the value of 
the operand. Conversely, BCS will cause a branch if 
the accumulator value is lower than the operand. 

The fifth complementary pair, branch on higher (BHI) and 
branch on lower or same (BLS) are in a sense complements 
to BCC and BCS. BHI tests for both C and Z = 0; if used 
following a CMP, it will cause a branch if the value in the 
accumulator is higher than the operand. Conversely, BLS will 
cause a branch if the unsigned binary value in the 
accumulator is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of 
operations in which the values are regarded as signed two's 
complement numbers. This differs from the unsigned binary 
case in the following sense: In unsigned, the orientation is 
higher or lower; in signed two's complement, the comparison 
is between larger or smaller where the range of values is 
between -128 and +127. 

Branch on less than zero (BLT) and branch on greater than 
or equal zero (BGE) test the status bits for N ® V = "1" 
and N © V = "0", respectively. BLT will always cause a 
branch following an operation in which two negative numbers 
were added, in addition, it will cause a branch following a 
CMP in which the value in the accumulator was negative and 
the operand was positive. BLT will never cause a branch 
following a CMP in which the accumulator value was positive 
and the operand negative. BGE, the complement to BLT, will 
cause a branch following operations in which two positive 
values were added or in which the result was zero. 

The last pair, branch on less than or equal zero (BLE) and 
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branch on greater than zero (BGT) test the status bits for Z 
® (N + V) = "1" and Z ® (N + V) = "0", respectively. 
The action of BLE is identical to that for BLT except that a 
branch will also occur if the result of the previous result was 
zero. Conversely, BGT is similar to BGE except that no 
branch will occur following a zero result. 

Condition Code Register Operations 

The condition code register (CCR) is a 6-bit register within 



the MPU that is useful in controlling program flow during 
system operation. The bits are defined in Figure 18. 

The instructions shown in Table T are available to the user 
for direct manipulation of the CCR. In addition, the MPU 
automatically sets or clears the appropriate status bits as 
many of the other instructions on the condition code register 
were indicated as they were introduced. 



Table 7 Condition Code Register Instructions 





Mnemonic 








Boolean Operation 


Cond. Code Reg.* 


Operations 


inipiiou 


5 


4 


3 


2 


1 







OP 


~ 


# 


H 


1 


N 


Z 




C 


Clear Carry 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Acmltr A -* CCR 
CCR -* Acmltr A 


CLC 
CLI 
CLV 
SEC 
SEI 
SEV 
TAP 
TPA 


oc 

OE 
OA 
OD 
OF 
OB 
06 
07 


2 
2 
2 
2 
2 
2 
2 
2 




- C 
-* 1 

- V 

1 --c 
1-1 

1 - V 
A --OCR 
CCR -* A 


• 


• 
R 

• 
• 
S 

• 

• 


• 1 • 


S 

• 


R 

• 
• 

s 

• 

• 

• 



R = Reset 

S= Set 

• = Not affected 

1 (ALL) Set according to the contents of Accumulator A. 

*See Condition Code Register notes below 



Condition Code Register Notes: (Bit set if test is true and 

cleared otherwise) 

1 (Bit V) Test: Result = 10000000? 

2 (Bit C) Test: Result = 00000000? 

3 (Bit C) Test: Decimal value of most significant BCD 

character greater than nine? (Not cleared if 
previously set.) 

4 (Bit V) Test: Operand = 10000000 prior to execution? 

5 (Bit V) Test: Operand = 01111111 prior to execution? 

6 (Bit V) Test: Set equal to result of N © C after shift 

has occurred. 

7 (Bit N) Test: Sign bit of most significant (MS) byte = 1? 



8 (Bit V) Test: 2s complement overflow from subtraction of 

MS bytes? 

9 (Bit N) Test: Result less than "0"? (Bit 15=1) 

10 (All) Load condition code register from stack. 

(See Special Operations) 

1 1 (Bit I) Set when interrupt occurs. If previously set, 

a non-maskable interrupt is required to exit 
the wait state. 

12 (All) Set according to the contents of 

accumulator A. 
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Fig. 18 Condition Code Register Bit Definition 

65 b4 ba b2 bi bo 



H 


1 


N 


Z 


V 


c 



H = Half-carry; set whenever a carry from b^ to b4 of the 
result is generated by ADD, ABA, ADC; cleared if no b^ 
to b4 carry; not affected by other instructions. 

I = Interrupt Mask; set by hardware or software interrupt or 
SEI instruction; cleared by CLI instruction. (Normally not 
used in arithmetic operations.) Restored to a zero as a 
result of an RTI instruction if 1^ stored on the stack is 
LOW. 

N = Negative; set if high order bit (bj) of result is set; 
cleared otherwise 

Z = Zero; set if result = 0; cleared otherwise. 

V = Overlow; set if there were arithmetic overflow as a 
result of the operation; cleared otherwise. 

C = Carry; set if there were a carry from the most 

significant bit (by) of the result; cleared otherwise. 

A CLI-WAI instruction sequence operated properly with early 
F6800 processors only if the preceding instruction were odd. 
(Least Significant Bit = "1".) Similarly it was advisable to 
precede any SEI instruction with an odd opcode — such as 
NOP. These precautions are not necessary for F6800 
processors indicating manufacture in November, 1977 
or later. 

Systems which require an interrupt window to be opened 
under program control should use a CLI-NOP-SEI sequence 
rather than CLI-SEI. 



Selection of the desired addressing mode is made by the 
user as the source statements are written. Translation into 
appropriate opcode then depends on the method used. If 
manual translation is used, the addressing mode is inherent 
in the opcode. For example, the immediate, direct, indexed, 
and extended modes may all be used with the ADD 
instruction. The proper mode is determined by selecting 
(hexadecimal notation) 8B, 90, AB, or BB, respectively. 

The source statement format includes adequate information 
for the selection if an assembler program is used to gen- 
erate the opcode. For instance, the immediate mode is 
selected by the assembler whenever it encounters the "#" 
symbol in the operand field. Similarly, an "X" in the operand 
field causes the indexed mode to be selected. Only the 
relative mode applies to the branch instructions; therefore, 
the mnemonic instruction itself is enough for the assembler 
to determine addressing mode. 

For the instructions that use both direct and extended 
modes, the assembler selects the direct mode if the operand 
value is in the range 0-265 and extended otherwise. There 
are a number of instructions for which the extended mode is 
valid but the direct is not. For these instructions, the 
assembler automatically selects the extended mode even if 
the operand is in the 0-255 range. The addressing modes are 
summarized in Figure 19. 

Inherent (Includes "Accumulator Addressing") Mode 

The successive fields in a statement are normally separated 
by one or more spaces. An exception to this rule occurs for 
instructions that use dual addressing in the operand field and 
for instructions that must distinguish between the two 
accumulators. In these cases, A and B are "operands" but 
the space between them and the operator may be omitted. 
This is commonly done, resulting in apparent four character 
mnemonics for those instructions. 



Addressing Modes 

The MRU operates on 8-bit binary numbers presented to it 
via the data bus. A given number (byte) may represent either 
data or an instruction to be executed, depending on where it 
is encountered in the control program. The F6800 has 72 
unique Instructions; however. It recognizes and takes action 
on 197 of the 256 possibilities that can occur using an 8-bit 
word length. This larger number of instructions results from 
the fact that many of the executive instructions have more 
than one addressing mode. 

These addressing modes refer to the manner in which the 
program causes the MRU to obtain its instructions and data. 
The programmer must have a method for addressing the 
MRU's internal registers and all of the external 
memory locations. 



The addition instruction, ADD, provides an example of dual 
addressing in the operand field: 

Operator Operand Comment 

ADDA MEM 1 2 ADD CONTENTS OF MEM 1 2 

TO ACCA 
or ADDB MEM 1 2 ADD CONTENTS OF MEM 1 2 

TO ACCB 

The example used earlier for the test instruction, TST, also 
applies to the accumulators and uses the "accumulator 
addressing mode" to designate which of the two 
accumulators is being tested: 

Operator Comment 

TSTB TEST CONTENTS OF ACCB 

or TSTA TEST CONTENTS OF ACCA 
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A number of the instructions either alone or together with an 
accumulator operand contain all of the address information 
that is required, that is, "inherent" in the instruction itself. 
For instance, the instruction ABA causes the MPU to add the 
contents of accumulators A and B together and place the 
result in accumulator A. The instruction INCB, another 
example of "accumulator addressing", causes the contents 
of accumulator B to be increased by one. Similarly, INX, 
incrementing the index register, causes the contents of the 
index register to be increased by one. 

Program flow for instructions of this type is illustrated in 
Figures 20 and 21. In these figures, the general case is 
shown on the left and a specific example is shown on the 
right. Numerical examples are in decimal notation. 
Instructions of this type require only one byte of opcode. 
Cycle-by-cycle operation of the inherent mode is shown 
in Table 8. 



Direct and Extended Addressing Modes 

in the direct and extended modes of addressing, the operand 
field of the source statement is the address of the value that 
is to be operated on. The direct and extended modes differ 
only in the range of memory locations to which they can 
direct the MPU. Direct addressing generates a single 8-bit 
operand and, hence, can address only memory locations 
through 256; a two byte operand is generated for extended 
addressing, enabling the MPU to reach the remaining 
memory locations, 266 through 66535. An example of direct 
addressing and its effect on program flow is illustrated 
in Figure 23. 

The MPU, after encountering the opcode for the instruction 
LDAA (direct) at memory location 6004 (program counter = 
5004), looks in the next location, 5006, for the address of 
the operand. It then sets the program counter equal to the 



Fig. 19 Addressing Mode Summary 



EXAMPLE: SUBB Z h + 1 

ADDR. RANGE = 0-255 

n + 2 



A 



DO INSTRUCTION 



Z = OPRND ADDRESS 



(K = ONE-BYTE OPRND) 



(K = TWO-BYTE OPERAND) Z 

Z+ 1 



K = OPERAND 



Kh = OPERAND 



Kl = OPERAND 



AIF Z < 255, ASSEMBLER SELECT DIRECT MODE 
IF Z > 255, EXTENDED MODE IS SELECTED 



EXTENDED: n 

EXAMPLE: CMPA Z n + 1 

n + 2 
n + 3 



ADDR. RANGE: 
256-65535 



A = 



(K =ONE-BYTE OPRND) 



(K = TWO-BYTE OPERAND) Z 

Z+ 1 



FO INSTRUCTION | 


Zh 


= OPRND ADDRESS 


Zl 


= OPRND ADDRESS 


NEXT INSTR | 


• - 
• 
• 


1 K = OPERAND 1 


OR 


Kh = OPERAND 


Kl = OPERAND 



EXAMPLE: LDAA #K 
(K = ONE-BYTE OPRND) 



(K = TWO-BYTE OPRND) 
(CPX, LDX, AND LDS) 



RELATIVE: 

EXAMPLE: BNE K 

(K=:SIGNED 7-BIT VALUE) n + 2 

ADDR. RANGE: 

-125 TO +129 

RELATIVE TO n. 

(n + 2) 
/i\ IF BRNCH Tst FALSE, 

INDEXED: 
EXAMPLE: ADDA Z, X 



ADDR. RANGE: 
0-255 RELATIVE TO 
INDEX REGISTER, X 



(Z = a-BIT UNSIGNED X + Z 
VALUE) 



n 


INSTRUCTION 


n+ 1 


K = OPERAND 


n + 2 


NEXT INSTR 




OR 


n 


INSTRUCTION 


n+ 1 


Kh = OPERAND 


n + 2 


Kl = OPERAND 


n + 3 


NEXT INSTR 






n 


INSTRUCTION 


n+ 1 


±K = BRNCH OFFSET 


n + 2 


NEXT INSTR /^ 




• 
• 
• 


2) ±K 


NEXT INSTR /^ | 


A 


IF BRNCH Tst TRUE. 


n 


INSTRUCTION 


n+ 1 


Z = OFFSET 


n + 2 


NEXT INSTR 




• 
• 
• 


x + z 


1 K = OPERAND 1 
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Table 8 Inherent Mode Cycle-by-Cycle Operation 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Inherent 



ABA 


DAA 


SEC 




1 


1 


Op Code Address 


1 


Op Code 


ASL 


DEC 


SEI 




2 


1 


Op Code Address + 1 


1 


Op Code of Next Instruction 


ASR 


INC 


SEV 














CBA 


LSR 


TAB 














CLC 


NEG 


TAP 


2 












CLI 


NOP 


TBA 














CLR 


ROL 


TPA 














CLV 


ROR 


TST 














COM 


SBA 
















DES 








1 




Op Code Address 




Op Code 


DEX 






4 


2 




Op Code Address + 1 




Op Code of Next Instruction 


INS 






3 





Previous Register Contents 




Irrelevant Data (Note 1) 


INX 








4 





New Register Contents 




Irrelevant Data (Note 1) 


PSH 








1 




Op Code Address 




Op Code 








4 


2 




Op Code Address + 1 




Op Code of Next Instruction 








3 




Stack Pointer 





Accumulator Data 










4 





Stack Pointer -1 




Accumulator Data 


PUL 








1 




Op Code Address 




Op Code 








4 


2 




Op Code Address + 1 




Op Code of Next Instruction 








3 





Stack Pointer 




Irrelevant Data (Note 1) 










4 




Stack Pointer + 1 




Operand Data from Stack 


TSX 








1 




Op Code Address 




Op Code 








4 


2 




Op Code Address + 1 




Op Code of Next Instruction 








3 





Stack Pointer 




Irrelevant Data (Note 1) 










4 





New Index Register 




Irrelevant Data (Note 1) 


TXS 








1 




Op Code Address 




Op Code 








4 


2 




Op Code Address + 1 




Op Code of Next Instruction 








3 





Index Register 




Irrelevant Data 










4 





New Stack Pointer 




Irrelevant Data 


RTS 








1 
2 
3 





Op Code Address 
Op Code Address +1 
Stack Pointer 




Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 








5 


4 




Stack Pointer +1 




Address of Next Instruction 
(High Order Byte) 










5 




Stack Pointer +2 


1 


Address of Next Instruction 
(Low Order Byte) 
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Table 8 inherent Mode Cycle-by-Cyc(e Operation (Cent.) 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



inherent (Cont'd) 



WAI 


9 


1 
2 
3 
4 
5 
6 
7 
8 
9 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer - 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer ~5 
Stack Pointer -6 (Note 3) 


1 
1 






1 


Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


RTI 


10 


1 
2 
3 
4 

5 
6 
7 

8 

9 

10 





Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer +2 
Stack Pointer +3 
Stack Pointer +4 

Stack Pointer +5 

Stack Pointer +6 

Stack Pointer +7 


1 
1 
1 
1 

1 
1 
1 

1 

1 

1 


Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note 1) 

Contents of Cond. Code Register from 

Stack 

Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack 

(High Order Byte) 

Index Register from Stack 

(Low Order Byte) 

Next Instruction Address from Stack 

(High Order Byte) 

Next Instruction Address from Stack 

(Low Order Byte) 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 





Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer - 1 
Stack Pointer - 2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer -5 
Stack Pointer -6 
Stack Pointer - 7 
Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


1 
1 








1 
1 
1 


Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond. Code Register 

Irrelevant Data (Note 1) 

Address of Subroutine (High Order Byte) 

Address of Subroutine (Low Order Byte) 



Notes 

1. If device which is adcjresseci during this cycle uses VMA, then the data bus will go to the high impedance 3-state condition. Depending on bus 
capacitance, data fronri the previous cycle may be retained on the data bus. 

2. Data is ignored by the MPU. 

3. While the MPU is waiting for the interrupt, Bus Available will go HIGH indicating the following states of the control lines: VMA is LOW; address bus, 
R/W, and data bus are all in the high impedance state. 
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Fig. 20 Inherent Addressing 



Fig. 22 Immediate Addressing Mode 



a 



PROGRAM 
MEMORY 



C 



<^ 



|199-*'200| r 



PROGRAM 
MEMORY 



<^ 



<^ 




CED 



Vi 




PROGRAM 
MEMORY 



<^ 



GENERAL FLOW 




Fig. 23 Direct Addressing Mode 



GENERAL FLOW 



Fig. 21 Accumulator Addressing 



^ 
fc 



PROGRAM 
MEMORY 



ACCB 



Vi 



:^ 



PROGRAM 
MEMORY 






^ 




ADDR I DATA 



PC 
PC + 1 



PROGRAM 
MEMORY 



<^ 



ozi 



\n 



ADDR = 100 I 35 



PC = 5004 
5005 




PROGRAM 
MEMORY 



C^ 



ADDR = < 255 
GENERAL FLOW 



GENERAL FLOW 
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Table 9 Immediate Mode Cycle-by-Cycle Operation 


Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 


lifimediate 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


1 
1 


Op Code Address 
Op Code Address +1 


1 
1 


Op Code 
Operand Data 


CPX 
LDS 
LDX 


3 


1 
2 
3 


1 
1 
1 


Op Code Address 
Op Code Address + 1 
Op Code address + 2 


1 
1 
1 


Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 



Table 10 Direct Mode Cycle-by-Cycle Operation 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Direct 



ADC 

ADD 

AND 

BIT 

CMP 


EOR 
LDA 
ORA 
SBC 
SUB 


3 


1 
2 
3 




Op Code Address 
Op Code Address + 1 
Address of Operand 


1 
1 
1 


op Code 

Address of Operand 

Operand Data 


CPX 
LDS 
LDX 


4 


1 
2 
3 

4 




Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 


1 
1 
1 
1 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STA 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Destination Address 
Destination Address 


1 
1 
1 



Op Code 

Destination Address 
Irrelevant Data (Note) 
Data from Accumulator 


STS 
STX 


5 


1 
2 
3 
4 
5 




Op Code Address 
Op Code Address +1 
Address of Operand 
Address of Operand 
Address of Operand + 1 


1 
1 
1 




Op Code 

Address of Operand 
Irrelevant Data (Note) 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 



Note 

If device which is addressed during this cycle uses VMA, then the data bus will go to the high Impedance 3-state condition. Depending on bus 
capacitance, data from the previous cycle may be retained on the data bus. 
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value found there (100 in the example) and fetches the 
operand, in this case a value to be loaded into accumulator 
A, from that location. For instructions requiring a 2-byte 
operand such as LDX (load the index register), the operand 
bytes would be retrieved from locations 100 and 101. Table 
10 shows the cycle-by-cycle operations for the direct mode 
of addressing. 

Extended addressing, Figure 24, is similar except that a two- 
byte address is obtained from locations 5007 and 5008 after 
the LDAB (extended) opcode shows up in location 5006. 
Extended addressing can be thought of as the standard 
addressing mode, that is, it is a method of reaching any 
place in memory. Direct addressing, since only one address 
byte is required, provides a faster method of processing data 
and generates fewer bytes of control code. In most 
applications, the direct addressing range, memory locations 
0-255, are reserved for RAM. They are used for data 
buffering and temporary storage of system variables, the 
area in which faster addressing is of most value. Cycle-by- 
cycle operation Is shown In Table 1 1 for extended 
addressing. 



Fig. 24 Extended Addressing Mode 

MPU 




C^O 



<^ 






AJ 



AODR 256 
GENERAL FLOW 



Immediate Addressing Mode 

In the immediate addressing mode, the operand is the value 
that is to be operated on. For instance, the instruction 



with the "#" symbol. Program flow for this addressing mode 
is illustrated in Figure 22. 

The operand format allows either properly defined symbols 
or numerical values. Except for the instructions CPX, LDX, 
and LDS, the operand may be any value in the range to 
255. Since compare index register (CPX), load index register 
(LDX), and load stack pointer (LDS), require 16-bit values, 
the immediate mode for these three instructions requires 
two-byte operands. In the immediate addressing mode, the 
"address" of the operand is effectively the memory location 
immediately following the instruction itself. Table 9 shows the 
cycle-by-cycle operation for the immediate addressing mode. 

Relative Addressing Mode 

In both the direct and extended modes, the address obtained 
by the MPU is an absolute numerical address. The relative 
addressing mode, implemented for the MPU's branch 
instructions, specifies a memory location relative to the 
program counter's current location. Branch instructions 
generate two bytes of machine code, one for the instruction 
opcode and one for the "relative" address. (See Figure 25.) 
Since it is desirable to be able to branch in either direction, 
the 8-bit address byte is interpreted as a signed 7-bit value; 
the 8th bit of the operand is treated as a sign bit, "0" = plus 
and "1" = minus. The remaining seven bits represent the 
numerical value. This results in a relative addressing range of 
± 127 with respect to the location of the branch instruction 
itself. However, the branch range is computed with respect 
to the next instruction that would be executed if the branch 
conditions are not satisfied. Since two bytes are generated, 
the next instruction is located at PC + 2. If D is defined as 
the address of the branch designation, the range is then: 



(PC -I- 2) - 
or PC - 125 



127 < D < (PC -f 2) + 127 
^ D < PC -I- 129 



Operator Operand 

LDAA #25 



Comment 

LOAD 25 INTO ACCA 



that is, the destination of the branch instruction must be 
within -125 to +129 memory locations of the branch 
instructions itself. For transferrring control beyond this range, 
the unconditional jump (JMP), jump to subroutine (JSR), and 
return from subroutine (RTS) are used. 

In Figure 25, when the MPU encounters the opcode for BEQ 
(branch if result of last instruction was zero), it tests the zero 
bit in the condition code register. If that bit is "0", indicating 
a non-zero result, the MPU continues execution with the next 
instruction (in location 5010 in Figure 25). If the previous 
result were zero, the branch condition is satisfied and the 
MPU adds the offset, 15 in this case, to PC + 2 and 
branches to location 5025 for the next instruction. 



causes the MPU to "immediately load accumulator A with the 
value 25"; no further address reference is required. The 
immediate mode is selected by preceding the operand value 
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Table 11 Extended Mode Cycle-by-Cycle Operation 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Extended 



STS 
STX 


6 


1 
2 
3 
4 
5 
6 





Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 
Address of Operand 
Address of Operand + 1 






Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


JSR 


9 


1 
2 
3 
4 
5 
6 
7 
8 
9 






Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer -1 
Stack Pointer -2 
Op Code Address +2 
Op Code Address +2 






Op Code 

Address of Subroutine (High Order Byte) 

Address of Subroutine (Low Order Byte) 

Op Code of Next Instruction 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte) 


JMP 


3 


1 
2 
3 




Op Code Address 
Op Code Address + 1 
Op Code Address +2 




Op Code 

Jump Address (High Order Byte) 

Jump Address (Low Order Byte) 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 


CPX 
LDS 
LDX 


5 


1 
2 
3 
4 
5 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


STA A 
STA B 


5 


2 
3 

4 
5 





Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Operand Destination Address 
Operand Destination Address 





Op Code 

Destination Address (High Order Byte) 

Destination Address (Low Order Byte) 

Irrelevant Data (Note 1) 

Data from Accumulator 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 


6 


1 
2 
3 
4 
5 
6 




1/0 

(Note 

2) 


Op Code Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 
Address of Operand 
Address of Operand 





Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Curent Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 2) 



Notes 

1. If device which is adcJressed during this cycle uses VMA, then the data bus will go to the high impedance 3-state condition. Depending on bus 
capacitance, data from the previous cycle may be retained on the data bus. 

2. For TST, VMA = "0" and operand data does not change. 
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The branch instructions allow the programmer to efficiently 
direct the MPU to one point or another in the control program 
depending on the outcome of test results. Since the control 
program is normally in read-only memory and cannot be 
changed, the relative address used In execution of branch 
instructions is a constant numerical value. Cycle-by-cycle 
operation is shown In Table 12 for relative addressing. 

Indexed Addressing Mode 

With indexed addressing, the numerical address is variable 
and depends on the current contents of the index register. A 
source statement such as 



Operator Operand 

STAA X 



Comment 

Put A in Indexed 
Location 



causes the MPU to store the contents of accumulator A in 
the memory location specified by the contents of the Index 
register (recall that the label "X" is reserved to designate 
the index register). Since there are instructions for 
manipulating X during program execution (LDX, INX, DEX, 
etc.), the indexed addressing mode provides a dynamic on- 
the-fly way to modify program activity. 



Fig. 25 Relative Addressing Mode 

MPU 





The operand field can also contain a numerical value that will 
be automatically added to X during execution. This format is 
illustrated in Figure 26. 

When the MPU encounters the LDAB (Indexed) opcode in 
location 5006, it looks in the next memory location for the 
value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present index register 
value of 400. In the operand format, the offset may be 
represented by a label or a numerical value in the range 0- 
255 as in the example. In the earlier example, STAA X, the 
operand is equivalent to 0, X, that is, the may be omitted 
when the desired address is equal to X. Table 13 shows the 
cycle-by-cycle operation for the indexed mode of addressing. 



Fig. 26 Indexed Addressing Mode 



AODR = INDX 
OFFSET 




OFFSET < 255 
GENERAL FLOW 
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Table l!2 Relative Mode Cycle-by-Cycle Operation 



Address Mode 
and Instructions 



Cycle 
Cycles # 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Relative 



BOG 


BHI 


BNE 




1 


1 


Op Code Address 


1 


Op Code 


BOS 


BLE 


BPL 


4 


2 


1 


Op Code Address + 1 


1 


Branch Offset 


BEQ 


BLS 


BRA 


3 





Op Code Address + 2 


1 


Irrelevant Data (Note) 


BGE 


BLT 


BVC 




4 





Branch Address 


1 


Irrelevant Data (Note) 


BGT 


BMI 


BVS 














BSR 








1 


1 


Op Code Address 


1 


Op Code 










2 


1 


Op Code Address + 1 


1 


Branch Offset 










3 





Return Address of Main Program 


1 


Irrelevant Data (Note) 








8 


4 


1 


Stack Pointer 





Return Address (Low Order Byte) 








5 


1 


Stacl< Pointer - 1 





Return Address (High Order Byte) 










6 





Stack Pointer -2 


1 


Irrelevant Data (Note) 










7 





Return Address of Main Program 


1 


Irrelevant Data (Note) 










8 





Subroutine Address 


1 


Irrelevant Data (Note) 



Note 

If device which is addressed during this cycle uses VMA, then the data bus will go to the high impedance 3-state condition. Depending on bus 
capacitance, data from the previous cycle may be retained on the data bus. 

Table 13 Indexed Mode Cycle-by-Cycle Operation 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Indexed 



JMP 






1 


1 


Op Code Address 




Op Code 








2 


1 


Op Code Address + 1 




Offset 






4 


3 





Index Register 




Irrelevant Data (Note 1) 








4 





Index Register Plus Offset 
(w/o Carry) 




Irrelevant Data (Note 1) 


ADC 


EOR 




1 


1 


Op Code Address 




Op Code 


ADD 


IDA 




2 


1 


Op Code Address + 1 




Offset 


AND 


ORA 


5 


3 





Index Register 




Irrelevant Data (Note 1) 


BIT 


SBC 




4 





Index Register Plus Offset 




Irrelevant Data (Note 1) 


CMP 


SUB 








(w/o Carry) 












5 


1 


Index Register Plus Offset 




Operand Data 


CPX 






1 


1 


Op Code Address 




Op Code 


LDS 






2 


1 


Op Code Address + 1 




Offset 


LDX 






3 





Index Register 




Irrelevant Data (Note 1) 






6 


4 





Index Register Plus Offset 
(w/o Carry) 




Irrelevant Data (Note 1) 








5 


1 


Index Register Plus Offset 




Operand Data (High Order Byte) 








6 


1 


Index Register Plus Offset + 1 




Operand Data (Low Order Byte) 


STA 






1 


1 


Op Code Address 




Op Code 








2 


1 


Op Code Address + 1 




Offset 








3 





Index Register 




Irrelevant Data (Note 1) 






6 


4 





Index Register Plus Offset 
(w/o Carry) 




Irrelevant Data (Note 1) 








5 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 








6 


1 


Index Register Plus Offset 





Operand Data 
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Table 13 Indexed Mode Cycle-by-Cycle Operation (Cont.) 



Address Mode 
and Instructions 



Cycles 



Cycle 

# 



VMA 
Line 



Address Bus 



R/W 
Line 



Data Bus 



Indexed (Cont.) 



ASL LSR 




1 


1 


Op Code Address 


1 


Op Code 


ASR NEG 




2 


1 


Op Code Address + 1 


1 


Offset 


CLR ROL 




3 





Index Register 


1 


Irrelevant Data (Note 1) 


COM ROR 




4 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 


DEC TST 


7 






(w/o Carry) 






INC 


5 


1 


Index Register Plus Offset 


1 


Current Operand Data 






6 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 






7 


1/0 

(Note 

2) 


Index Register Plus Offset 





New Operand Data (Note 2) 


STS 




1 


1 


Op Code Address 


1 


Op Code 


STX 




2 


1 


Op Code Address + 1 


1 


Offset 






3 





Index Register 


1 


Irrelevant Data (Note 1) 




7 


4 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 








(w/o Carry) 










5 





Index Register Plus Offset 


1 


Irrelevant Data (Note 1) 






6 


1 


Index Register Plus Offset 





Operand Data (High Order Byte) 






7 


1 


Index Register Plus Offset + 1 





Operand Data (Low Order Byte) 


JSR 




1 


1 


Op Code Address 


1 


Op Code 






2 


1 


Op Code Address + 1 


1 


Offset 






3 





Index Register 


1 


Irrelevant Data (Note 1) 






4 


1 


Stack Pointer 





Return Address (Low Order Byte) 




8 


5 


1 


Stack Pointer -1 





Return Address (High Order Byte) 






6 





Stack Pointer -2 


1 


Irrelevant Data (Note 1) 






7 





Index Register 


1 


Irrelevant Data (Note 1) 






8 





Index Register Plus Offset 
(w/o Carry) 


1 


Irrelevant Data (Note 1) 




Note 

1. If device which is addressed during this cycle uses VMA, then the data bus will go to the high impedance 3-state condition. Depending on bus 
capacitance, data from the previous cycle may be retained on the data bus. 

2. For TST, VMA = "0" and operand data does not change. 
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Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 

Operating Temperature Range — Tl to Th 

F6800, F68A00, F68B00 

F6800C, F68A00C, F68B00C 

F6800DM, F68A00DM, F68B00DM 

Storage Temperature Range 

Thermal Resistance 

Plastic Package 

Ceramic Package 



0.3 V. 


+7.0 V 


0.3 V, 


+7.0 V 


0°C, 


+70°C 


40°C, 


+86 ^'C 


55°C. 


+126°C 


56°C, 


+150°C 


70°C/W 


SO^'C/W 



This device contains circuitry to protect tlie inputs against damage dueto 
higli static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 



DC Characteristics Vqc = 5.0 V ± 5%, Vss = 


0, Ta = Tl 


to Th, unless otherwise noted 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Conditions 


V,H 
V|HC 


Input HIGH Voltage Logic 

01,02 


Vss + 2.0 
Vcc - 0.6 




Vcc 

Vcc + 0.3 


V 




V|L 
ViLC 


Input LOW Voltage Logic 

01,02 


Vss - 0.3 
Vss - 0.3 




Vss + 0.8 
Vss + 0.4 


V 




i|N 


Input Leakage Current Logic 

01,02 




1.0 


2.5 
100 


mA 


V,N = to 5.25 V, Vcc = Max 
V|N = to 5.26 V, Vcc = 0.0 V 


'tsi 


3-State (OFF State) D0-D7 
Input Current A0-A15, R/W 




2.0 


10 
100 


mA 


V,N = 0.4 to 2.4 V, Vcc = Max 


VOH 


Output HIGH Voltage D0-D7 

A0-A15, R/W. VMA 

BA 


Vss + 2.4 
Vss + 2.4 
Vss + 2.4 






V 


•Load = -205 /uA, Vcc = Min 
IUoad = -145 mA, Vcc = Min 
lLoad = -100 mA. Vcc = Min 


Vol 


Output LOW Voltage 






Vss + 0.4 


V 


iLoad = 1-6 mA, Vcc = Min 


Pd 


Power Dissipation 




0.5 


1.0 


w 




C,N 


Input Capacitance 01 

02 

D0-D7 

Logic Inputs 




25 
45 
10 
6.5 


35 

70 

12.5 

10 


PF 


V|N = 0, Ta = 25°C, f = 1.0 MHz 


Gout 


Output Capacitance 

A0-A15, R/W, VMA 






12 


PF 
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Clock Timing Vqc = 5.0 V ± 5%, Vss = 0, Ta = Tl to Th, unless otherwise noted 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Conditions 


f 


Frequency of Operation 


F6800 

F68A00 

F68B00 


0.1 
0.1 
0.1 




1.0 
1.5 
2.0 


MHz 




tcyc 


Cycle Time (Figure 27) 


F6800 

F68A00 

F68B00 


1.000 
0.666 
0.500 




10 
10 
10 


MS 




PW^H 


Clock Pulse Width 

01,02 
01,02 
01,02 


- F6800 

- F68A00 

- F68B00 


400 
230 
180 




9600 
9600 
9500 


ns 


Vcc - 0.6 V 


tut 


Total 01 and 02 
Up Time 


F6800 

F68A00 

F68B00 


900 
600 
440 






ns 




t(^r. t,/,f 


Rise and Fall Times 






100 


ns 


Measured Between 
Vss + 0.4 V and Vcc - 


0.6 V 




td 


Delay Time or Clock 
Separation (Figure 27) 








9100 
9100 


ns 


Vov = Vss + 0.6 V @ tr 
Vov = Vss+ 1.0 V@t, 


= tf < 
= tf< 


100 ns 
35 ns 



Read /Write Timing (Reference Figures 28 through 32) 






















Characteristic 


F6800 


F68A00 


F68B00 




Symbol 


Min 


Typ 


Max 


Min 


Typ 


Max 


Min 


Typ 


Max 


Unit 


tAD 


Address Delay 

C = 90 pF 
C = 30 pF 






270 
250 






180 
165 






150 
135 


ns 


tacc 


Peripheral Read Access Time 

tacc = tut - (tAD + toSfi) 






530 






360 






250 


ns 


toSR 


Data Set-up Time (Read) 


100 






60 






40 






ns 


tH 


Input Data Hold Time 


10 






10 






10 






ns 


tH 


Output Data Hold Time 


10 


25 




10 


25 




10 


25 




ns 


tAH 


Address Hold Time 
(Address, R/W, VMA) 


30 


50 




30 


50 




30 


50 




ns 


tEH 


Enable HIGH Time for DBE Input 


450 






280 






220 






ns 


tODW 


Data Delay Time (Write) 






225 






200 






160 


ns 




Processor Controls 






















tpcs 


Processor Control Set-up Time 


200 






140 






110 






ns 


tpCr. tpcf 


Processor Control Rise and 
Fall Time 






100 






100 






100 


ns 


tBA 


Bus Available Delay 






250 






165 






135 


ns 


tjSE 


3-State Enable 






40 






40 






40 


ns 


tjSD 


3-State Delay 






270 






270 






220 


ns 


tDBE 


Data Bus Enable Down Time 
During 01 Up Time 


150 






120 






75 






ns 


tOBEr. toBEf 


Data Bus Enable Rise and 
Fall Times 






25 






25 






25 


ns 
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Fig. 27 Clock Timing Waveform 




Fig. 28 Read Data From Memory or Peripherals 



^START OF CYCLE 




DATA 
FROM MEMORY 
OR PERIPHERALS 



DATA NOT VALID 
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Fig. 29 Write in Memory or Periplierals 



START OF CYCLE 



_^"" 



R/W 



ADDRESS 
FROM MPU 



-tAO- 




m\wocww 













2 V*' 


\ 


rO.SV 


t 


— 


-•— tDBEf 





/ 



DATA M 

FROM MPU 



-tcyc- 



\ 



/ 



- tDBEr 
2.4 V 




0.4 V 
— toDW 



J f 0.4 V 



\ 



«i2^ 



I 






DATA NOT VALID 
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Fig. 30 Typical Data Bus Output Delay 
vs Capacitive Loading (toow) 



Fig. 31 Typical READ/WRITE, VMA, and Address 
Output Delay vs Capacitive Loading (tAo) 
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Cl includes stray capacitance 



100 200 300 400 
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Fig. 32 Bus Timing Test Loads 



RL = 2.2k 



TEST POINT -— f- 




Test Conditions 

The dynamic test load for the data bus is 130 pF and one 
standard TTL load, as shown. The Address, R/W, and VMA 
outputs are tested under two conditions to allow optimum 
operation in both buffered and unbuffered systems. The resistor 
(R) is chosen to insure specified load currents during 
Vqh measurement. 

Notice that the data bus lines, the address lines, the interrupt 
request line, and the DBE line are all specified and tested to 
guarantee 0.4 V of dynamic noise immunity at both "1" and "0" 
logic levels. 

C = 130 pF for D0-D7, E _ 

= 90 pF for A0-A15, R/W, and VMA 

(except tAD2) _ 

= 30 pF for Aq- A 15, R/W, and VMA 

<Ud2 only) 
= 30 pF for BA. 

R = 11.7 kQfor D0-D7 

= 16.5 kfi for A0-A15, R/W, and VMA 
= 24 kQ for BA 
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Ordering Information 



Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6800P,S 


Oto+70°C 




F6800CP,CS 


-40to+85°C 




F6800DM 


-55 to +125°C 


1.5 MHz 


F68A00P. S 


0to+70°C 




F68A00C, CS 


-40 to +85°C 




F68A00DM 


-55to+125°C 


2.0 MHz 


F68B00P,S 


Oto+70°C 




F68B00C,CS 


-40to+85°C 




F68B00DM 


-55to+125°C 



*P= plastic package, S = CER-DIP package. 
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F6801/F6803 

Single-Chip IVIicrocomputer 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F6801/F6803 is an 8-bit single-chip microcom- 
puter unit (MCU) which significantly enhances the 
capabilities of the F6800 family. It includes an upgraded 
F6800 microprocessor unit (MRU) with upward-source and 
object-code compatibility. The F6801/F6803 MCU can func- 
tion as a monolithic microcomputer or can be expanded to 
a 64K byte address space. Features of the F6801/F6803 
MCU include: 



Connection Diagram 



Enhanced F6800 Instruction Set (see table 1) 

8x8 Multiply Instruction 

Serial Communications Interface (SCI) 

16-bit Three-Function Programmable Timer 

Bus Compatibility with the F6800 Family 

2048 Bytes of ROM (F6801 Only) 

128 Bytes of RAM 

64 Bytes of RAM, Retainable During Powerdown 

29 Parallel I/O and Two Handshake Control Lines 

Internal Clock Generator With Divide-by-Four Output 

Interrupt Capability 

TTL compatible 

40-Pin Ceramic or Plastic Package 

-I- 5V Power Supply 



The F6801/F6803 MCU can be configured to function in a 
wide variety of applications. This flexibility is provided by 
its ability to be hardware-programmed Into eight different 
operating modes (see table 2). The operating mode controls 
the configuration of 18 of the 40 MCU pins, available on- 
chip resources, memory map, location of interrupt vectors, 
and type of external bus. Configuration of the remaining 22 
pins is not dependent on the operating mode. 

The F6803 can be considered an F6801 that operates in 
Modes 2 and 3 only (either internal RAM with no ROM, or 
no internal RAM or ROM, respectively). 
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Figure 1 Block Diagram 
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Figure 2 Programming Model 



±J: 



8-BIT ACCUMULATORS A AND B 

OR 16-BIT DOUBLE ACCUMULATOR D 



INDEX REGISTER (X) 



STACK POINTER (SP) 



PROGRAM COUNTER (PC) 



CONDITION CODE REGISTER (COR) 



■ CARRY/BORROW FROM MSB 

- OVERFLOW 

- ZERO 

- NEGATIVE 

- INTERRUPT 

- HALF CARRY (From Bit 3) 
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Table 1 New Instructions 



Instruction 



Description 



ABX 
ADDD 
ASLD or 
LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 

LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 
CPX 



Unsigned addition of Accumulator B to Index Register 

Adds (witliout carry) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared and the MSB is shifted into the C-bit 

Branch if Higher or Same, unsigned conditional branch (same as BCC) 

Branch if Lower. Unsigned conditional branch (same as BCS) 

Branch Never 

Additional addressing mode direct 

Loads double accumulator from memory 

Shifts memory or accumulator left(towards MSB) one bit, the LSB is cleared and the MSB ia shifted into the C-bit 

(same as ASL) 

Shifts the double accumulator right (towards LjSB) one bit, the MSB is cleared and the LSB is shifted into the C-bit 

Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the Index Register to stack 

Pulls the Index Register from stack 

Stores the double accumulator to memory 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 

Internal processing modified to permit its use with any conditional branch instruction 
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Table 2 Summary of F6801/F6803 Operating Modes 



Common to all Modes: 

Reserved Register Area 

Port1 

Port 2 

Programmable Timer 
Serial Communications Interface 



Single Chip Mode 7 

128 bytes o RAMk, 2048 bytes of ROM 

Port 3 is a parallel I/O port with two control lines 

Port 4 is a parallel I/O port 

SC1 Is Input Strobe 3 (IS3) 

SC2 is Output Strobe 3 (0S3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM, 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 
SCI is Input/Output Select (lOS) 
SC2 is Read/Write (R/W) 

Expanded Multiplexed Modes 1, 2, 3 6 
Sour memory space options (64K address space) 

(1) No internal RAM or ROM (Mode 3) 

(2) Internal RAM, no ROM (Mode 2) 

(3) Internal RAM and ROM (Mode 1) 

(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 Is a multiplexed address/data bus 

Port 4 is an address bus (inputs/address in Mode 6) 

SC1 is Address Strobe (AS) 

SC2 is Read/Write (R/W) 

Test Modes and 4 

Expanded Multiplexed Test Mode 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 

(1) May be changed to Mode 5 without going through 
reset 

(2) May be used to test Ports 3 and 4 as I/O ports 
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Table 3 • Instruction Execution Times in E-Cycles 





Adciressing Mode 




B 

E 
E 


1 

5 


1 


1 


c 


1 
1 

DC 


ABA 

ABX 

ADC 

ADD 

ADDD 

AND 

ASL 




• 
• 
3 
3 
5 
3 
• 






2 
3 

• 
• 
• 
• 
2 




ASLD 

ASR 

BCC 

BCS 

BEQ 

BGE 

BGT 










3 
2 


3 
3 
3 
3 
3 


BHI 

BHS 

BIT 

BLE 

BLO 

BLS 

BLT 












3 
3 
• 
3 
3 
3 
3 


BMI 
BNE 
BPL 
BRA 
BRN 
BSR 
BVC 












3 
3 
3 
3 
3 
6 
3 


BVS 

CBA 

CLC 

CLI 

CLR 

CLV 

CMP 










2 
2 
2 
2 
2 
• 


3 


COM 

CPX 

DAA 

DEC 

DES 

DEX 

EGR 

INC 

INS 






6 

• 


6 

• 


2 

• 
2 
2 
3 
3 
• 
• 
3 





Addressing Mode 





1 


1 
5 


1 


1 
1 


c 


S 
& 


INX 
JMP 
JSR 
LDA 
LDD 
LDS 
LDX 


• 
• 
• 
2 
3 
3 
3 




• 
3 
6 
4 
5 
5 
5 


• 
3 
6 
4 
5 
6 
5 


3 




LSL 

LSLD 

LSR 

LSRD 

MUL 

NEG 

NOP 






6 

• 
6 

• 
• 
6 

• 


6 

• 
6 

• 
• 
6 

• 


2 
3 
2 
3 
10 
2 
2 




ORA 

PSH 

PSHX 

PUL 

PULX 

ROL 

ROR 






4 

• 
• 
• 
• 
6 
6 


4 

• 
• 
• 
• 
6 
6 


• 
3 
4 
4 
5 
2 
2 




RTI 

RTS 

SBA 

SBC 

SEC 

SEI 

SEV 






• 
• 
• 
4 

• 
• 
• 


• 
• 
• 
4 

• 
• 
• 


10 
5 
2 
• 
2 
2 
2 




STA 

STD 

STS 

STX 

SUB 

SUBD 

SI 






4 
5 
5 
5 


4 
5 
5 
5 


12 




TAB 
TAP 
TBA 
TPA 
TST 
TSX 
TXS 
WAI 










2 
2 
2 
2 
2 
3 
3 
9 
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F6802/F6882/F6808 
Microprocessor with Clocit 
and RAIVI 



Microprocessor Product 



Description 



Connection Diagram 



The F6802/F6882 is a monolitliic 8-bit microprocessor 
that contains all the registers and accumulators of the 
F6800, plus an internal clock oscillator and driver on the 
same chip. The F6802/F6882 also has 128 bytes of RAM 
on board, located at hex addresses $0000 to $007F, Vqc 
standby can be utilized on the F6802/F6882 to facilitate 
memory retention during a power-down situation; the 
first 8 bytes of RAM at hex addresses $0000 to $0007 can 
be retained on the F6882, and the first 32 bytes of RAM 
at hex addresses $0000 to $001 F can be retained on the 
F6802. The F6808 is identical to the F6802 without on- 
board RAM. 

The F6802/F6882 is completely software-compatible with 
the F6800 microprocessor and the entire F6800 family of 
parts. {Figure 1 illustrates a typical application using an 
F6800 family device.) 

• On-Cliip Cioci( Circuit 

• 128 X 8-bit On-Chip RAtA (Not inciuded on F6808) 

• 8 Bytes of RAM are Retainabie on the F6882 

• 32 Bytes of RAM are Retainabie on the F6802 

• Software-Compatibie with the F6800 

• Standard TTL-Compatibie inputs and Outputs 

• 8-bit Bidirectional Data Bus 

• 16-bit Memory Addressing 

• interrupt Capability 

• Three Speed Grades: 

1.0 MHz F6802/F6882/F6808 
1.5 MHz F68A02/F68A82/F68A08 
2.0 MHz F68B02/F68B82/F68B08 



40-Pln DiP 
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F6802/F6882/F6808 Signal Functions 
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Fig. 1 Typical l\/licrocomputer Biocl( Diagram 
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Registers 

A general block diagram of the F6802/F6882 Is shown In 
Figure 2. The number and configuration of the registers 
are Identical to the F6800, as shown, with a 128x8-blt 
RAM* added to the basic microprocessor. The first 8 
bytes In the F6882 and the first 32 bytes In the F6802 
may be operated In a low-power mode via a Vcc standby 
and can be retained during power-up and power-down 
conditions via the RE signal. The F6808 is identical to 
the F6802 except for on-board RAM. Since the F6808 
does not have on-board RAM, pin 36 must be tied to 
ground, allowing the processor to utilize up to 64K bytes 
of external memory. 

The microprocessing unit (MRU) has three 16-blt registers 
and three 8-bit registers available for use by the 
programmer, as shown in Figure 3. 



*lf programs are not executed from on-board RAM, TAV1 applies. If pro- 
grams are to be stored and executed from on-board RAM, TAV2 applies. 
For normal data storage in the on-board RAM, this extended delay does 
not apply. Programs can be executed from on-board RAM when using 
1.5 and 2.0 MHz parts. On-board RAM can be used for data storage with 
all parts. 



Program Counter 

The program counter is a 2-byte (16-blt) register that 
points to the current program address. 

Stack Pointer 

The stack pointer Is a 2-byte register that contains the 
address of the next available location In an external 
push-down/pop-up stack. This stack is normally a random 
access read/write memory that may have any location 
(address) that is convenient. In those applications that 
require storage of Information In the stack when power is 
lost, the stack must be non-volatile. 

Index Register 

The index register is a 2-byte register that Is used to 
store data or a 16-bit memory address for the indexed 
mode of memory addressing. 

Accumuiators 

The two 8-bit accumulators are used to hold operands 
and results from an arithmetic logic unit (ALU). 
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Fig. 2 F6802/F6882 Block Diagram 



A15A14A13A12A11A10 A9 As 
25 24 23 22 20 19 18 17 



OUTPUT 
BUFFERS 



A7 Ae As A4 A3 Aa Ai Aq 
16 15 14 13 12 11 10 9 

f ft ft f ft 



MEMORY READY 3 - 

ENABLE 37- 

RESET 40- 



NONMASKABLE INTERRUPT 6 - 

HALT 2- 

INTERRUPT REQUEST 4- 

EXTAL 39 - 

XTAL 38- 

BUS AVAILABLE 

VALID MEMORY ADDRESS 



7-1 
5^ 
READ/WRITE 34- 



CLOCK, 

INSTRUCTION 

DECODE AND 

CONTROL 



TT 



COUNTER 
H 



OUTPUT 
BUFFERS 



RAM 
CONTROL 



32 BYTES (6802 
8 BYTES (6882 

. 96 BYTES(6802 
r4-|l20BYTES(6882 



«- NOT AVAILABLE 

ON F6808 
■36 RAM 
ENABLE 



-4-35 Vcc 

STANDBY 



STACK 
POINTER 



PROGRAM 
COUNTER , 



INDEX 
REGISTER 
H 



INSTRUCTION 
REGISTER 



INDEX 
REGISTER 



ACCUMULATOR 
A 



DATA 
BUFFER 



TTTTTTTT 

26 27 28 29 30 31 32 33 
D7 De D5 D4 D3 D2 Di Do 



ACCUMULATOR 
B 



CONDITION 

CODE 
REGISTER 



Condition Code Register (Status Word Register) 

The condition code register indicates the results of an 
arithmetic logic unit operation: negative (N), zero (Z), 
overflow (V), carry from bit 7 (C), and half-carry from bit 3 
(H). These bits of the condition code register are used as 
testable conditions for the conditional branch 



instructions. Bit 4 is the interrupt mask bit (I). The 
unused bits of the condition code register (bit 6 and bit 
7) are binary ones (1). 

Figure 4 shows the order of saving the microprocessor 
status within the stack. 
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Fig. 3 Programming IVIodei of the iVIicroprocessing Unit 
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Fig. 4 Saving the Status of the IVIicroprocessor in 
the Steele 
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Notes 

SPs Stack Pointer 

CC = Condition Code (also called the Processor Status Byte) 
ACCB = Accumulator B 
ACCA = Accumulator A 
IXH = Index Register, higher order 8 bits 
IXL= Index Register, lower order 8 bits 
PCH = Program Counter, higher order 8 bits 
PCL= Program Counter, lower order 8 bits 



F6802/F6882 Signai Descriptions 

The control and timing signals for the F6802/F6882 are 
Identical to those of the F6800, with the following 
exceptions: 

1. TSC, DBE 01, 02 input, and two unused pins have been 
eliminated. 

2. The following signal and timing lines have been 
added: 

RAM Enable (RE) 

Crystal Connections EXtal and Xtal 

Memory Ready (MR) 

Vcc Standby 

Enable 02 Output (E) 

The following summarizes the F6802/F6882 MRU signals. 

Data Bus 

D0-D7 (Data Bus Lines), Pins 26-33 

Bidirectional bus used to transfer data to and from the 
memory and peripheral devices. Also has 3-state output 
buffers capable of driving one standard TTL load and 
130 pF. 

Data bus lines are In the output mode when the 
Internal RAM Is accessed. This prohibits external data 
from entering the MRU. The Internal RAM is fully 
decoded from addresses $0000 to $007F. External RAM 
at $0000 to $007F must be disabled when internal RAM 
Is accessed. 

Address Bus 

A0-A15 (Address Bus Lines), Pins 9-20, 22-25 

Sixteen output lines form the address bus. The outputs 
are capable of driving one standard TTL load and 90 pF. 
These lines do not have 3-state capability. 

CPU Controi Inputs 



RESET (Reset), Pin 40 

Input used to reset and start the MRU from a power-down 
condition resulting from a power failure or an Initial start- 
up of the processor. When this line Is iow,the MRU Is 
Inactive and the information In the registers Is lost. If a 
high level is detected on the input, this signals the MRU 
to begin the restart sequence. This starts execution of a 
routine to initialize the processor from Its reset 
condition. All the higher order address lines are forced 
high. For the restart, the last two locations in memory 
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($FFFE, $FFFF) are used to load the program that is 
addressed by the program counter. During the restart 
routine, the Interrupt mask bit is set a nd m ust be reset 
before the MRU can be Interrupted by IRQ. Power-up and 
reset timing sequences are shown in Figures 5 and 6. 



Fig. 6 Power-Down Sequence 

Vcc 



When brought low, RESET must be held low at least 
three clock cycles. This Is Independent of the power-up 
delay required for oscillator start-up (Trc). 



When RESET is released, It must go through the low-to- 
hlgh threshold without bouncing, oscillating, or 
otherwise causing an erroneous reset (less than three 
clock cycles) that may cause Improper MPU operation 
until the next valid reset. 




Fig. 5 Power-Up and Reset Timing 
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Note 

If option 1 is chosen, RESET and RE pins can be tied together. 
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NMI (Non-Maskable Interrupt), Pin 6 

A low-going edge on this input requests tliat a non- 
masloble interrupt sequence be generated within the 
processor. As with the interrupt request (IRQ) signal, the 
processor completes the current i nstru ction being 
executed before it recognizes the NMI signal. The 
interrupt mask bit in the condition code register has no 
effect on NMI. 

The index register, program counter, accumulators, and 
condition code register are stored on the stack, as 
shown in Figure 4. At the end of the cycle, a 16-bit 
address will be loaded from memory locations $FFFC 
and $FFFD that points to a vectoring address. An 
address loaded from these locations causes the MRU to 
branch to a non-maskable interrupt routine in memory. 

A nominal 3 kfi external resistor to Vcc should be u sed 
for wIre-OR and optimum control of interrupts. The NMI 
signal may be tied directly to Vcc '^ "o* used. 

The IRQ and NMI inputs are hardware interrupt lines 
that are sampled when E is high and start the interrupt 
routine on a low E following the completion of 
an instruction. 

Figure 7 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 
1 gives the memory map for Interrupt vectors. 



Table 1 Memory Map for Interrupt Vectors 



Fig. 7 MPU Plow Chart 
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IRQ (Interrupt Request), Pin 4 

This level-sensitive input requests that an interrupt 
sequence be generated within the machine. The 
processor waits until it completes the current instruction 
that is being executed before it recognizes the request. 
At that time, if the interrupt mask bit In the condition 
code register is not set, the machine begins an interrupt 
sequence. The index register, program counter, 
accumulators, and condition code register are stored on 
the stack as shown in Figure 4, The MPU responds to the 
interrupt request by setting the interrupt mask bit high 
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IRQ 
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SO that no further interrupts may occur. At the end of the 
cycle, a 16-bit address is loaded from memory locations 
$FFF8 and $FFF9 that point to a vectoring address. An 
address loaded from these locations causes the MPU to 
branch to an interrupt routine in memory. 



The HALT line must be in the high state for interru pts to 
be serviced. Interrupts are latched internally while HALT 
is low. 

The IRQ has a high-impedance pull-up device internal 
to the chip; however, a 3kfi external resistor to Vcc 
should be used for the wIre-oH and optimum control 
of interrupts. 
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HALT (Halt), Pin 2 

When this input is in the low state, all activity in the 
machine is halted. This input is level-sensitive. In the halt 
mode, the machine stops at the end of an instruction. 
Bus Available is in a high state, and Valid Memory 
Address is in a low state. The address bus displays the 
address of the next instruction. 

To ens ure single-instruction operation, transition of the 
HALT li ne mu st occur tpcs before the falling edge of E 
and the HALT line must go high for one clock cycle. 



HALT should be tied high if not used. 
RAM Control Port 

RE (RAM Enable), Pin 36 

A TTL-compatible RAM enable input that controls the on- 
chip RAM. When placed in the high state, the on-chip 
memory is enabled to respond to the MRU controls. In 
the low state, the RAM is disabled. This pin may also be 
utilized to disable reading from and writing to the on-chip 
RAM during a power-down situation. The RE signal must 
be low three cycles before Vcc goes below 4.75 V during 
power-down as shown in Figure 6. 

The RE signal should be tied low on the F6808; it should 
be tied to the correct high or low state if not used. 

CPU Control Outputs 

BA (Bus Available), Pin 7 

Is normally in the low state; when activated, it goes to 
the high state, indicating that the microprocessor has 
stopped and that the address bus is a vailabl e (but not In 
a 3-state condition). This occurs if the HALT line is In the 
low state or the processor Is In the wait state as a result 
of execution of a WAIT instruction. At such time, all 
3-state output drivers go to their off state and other 
outputs to their normally Inactive levels. The processor is 
removed from the wait state by the occurrence of a 
maskable (mask bit 1 = 0) or nonmaskable interrupt. This 
output is capable of driving one standard TTL load and 
30 pF. 

VMA (Valid Memory Address), Pin 5 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, 
this signal should be utilized for enabling peripheral 
interfaces, such as the PIA and ACIA. This signal is not 
3-state. One standard TTL load and 90 pF may be directly 
driven by this active-high signal. 



R/W (Read, Write), Pin 34 

This TTL-compatible output signals the periphals and 
memory devices whether the MRU is in a read (high) or 
write (low) state. The normal standby state of this signal 
is read (high). When the processor Is halted, it is in the 
read state. This output Is capable of driving one standard 
TTL load and 90 pF. 

Power 

Vqc (Rower Supply), Pin 8 

Vcc tolerance Is ±5%. 

Vcc STBY (Power Supply Standby), Pin 35 

This pin supplies the dc voltage to the first 8 or 32 bytes 
of RAM as well as the RAM enable (RE) control logic. 
Thus, retention of data in this portion of the RAM on a 
power-up, power-down, or standby condition is 
guaranteed. Maximum current drain at maximum Vsb 

is IsBB- 

Vss (Ground), Pins 1,21 

System ground; V reference. 

Clock Control 

E (Enable), Pin 37 

This pin supplies the clock for the MRU and the rest of 
the system. This Is a single-phase, TTL-compatible clock 
and may be conditioned by a memory ready (MR) signal. 
The E signal Is equivalent to <^2 o" ^^e F6800, and is 
capable of driving one TTL load and 130 pF. 

EXTAL (External Crystal Connector), Pin 39 
XTAL (Crystal Connector), Pin 38 

The F6802/F6882 has an internal oscillator that may be 
crystal controlled. These connections are for a parallel- 
resonant, AT cut, fundamental crystal. (Figure 8 
illustrates the crystal specifications.) A divide-by-four 
circuit has been added so that a 4 MHz crystal may be 
used in place of a 1 MHz crystal for a more cost-effective 
system. An example of the crystal circuit layout on a 
printed circuit board is shown in Figure 9. 

Pin 39 may be driven externally by a TTL-lnput signal four 
times the required clock frequency. Pin 38 is to be 
grounded In this mode. 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network-type TTL or 
CMOS oscillator works well as long as the TTL or CMOS 
output drives the on-chip oscillator. 
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Fig. 8 Crystal Specification 



COUT :4^ -T^ C|N 



Yl 


C|N 


Cqut 


3.58 MHz 


27 pF 


27 pF 


4 MHz 


27 pF 


27 pF 


6 MHz 


20 pF 


20 pF 


8 MHz 


18 pF 


18 pF 



Crystal Loading 



Yl 

HDh 




Co 



3.58 IVIHz 


4.0 MHz 


6.0 MHz 


8.0 MHz 


Rs 


60fi 


50fi 


30-501] 


20-40n 


Co 


3.5 pF 


6.5 pF 


4-6 pF 


4-6 pF 


c, 


0.015 pF 


0.025 pF 


0.01- 
0.02 pF 


0.01- 
0.02 pF 


Q 


>40K 


>30K 


>20K 


>20K 



Nominal Crystal Parameters* 

•These are representative AT-cut parallel-response crystal parameters only. 
Crystals of other types of cuts may also be used. 



Fig. 9 Suggested PC Board Layout 

EXAMPLE OF BOARD DESIGN 
USING THE CRYSTAL OSCILLATOR 




OTHER SIGNALS ARE NOT 
WIRED IN THIS AREA. 



<>38 
37 



E SIGNAL IS WIRED APART 
FROM 38 PIN AND 39 PIN. 



/ 



LC networks in place of the crystal are not recommended. 

if an external clock is used, it may be halted for more 
than $PWOL. The F6802/F6882/F6808 is a dynamic part 
except for the internal RAM, and requires the external 
clock to retain information. 

MR (Memory Ready), Pin 3 

A TTL-compatible input control Signal that allows 
stretching of the enable (E) signal. Use of MR requires 
synchronization with the 4xfo signal, as shown in 
Figure 10. When MR is high, E will be in normal 
operation. When MR is low, E may be stretched integral 
multiples of half periods, allowing interface to slow 
memories or peripherals. A maximum stretch is ipyo The 
MR signal should be tied high if not used. Refer to 
Figure 11 for MR timing information. 



Fig. 10 Memory Ready Synchronization 




MEMORY READY 

GENERATED FROM 

CS LOGIC 
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Fig. 11 MR Negative Setup Time Requirement 



E CLOCK STRETCH* 
— *A -* — tpcs — mA 




*The E clock will be stretched at the end of E high of the cycle during which MR negative meets the tpQs setup time. The tpQs setup time is 
referenced to the fall of E. If the tpcs setup time is not met, E is stretched at the end of the next E high one-half cycle. The E signal isstretched in 
integral multiples of one-half cycles. 



RESUMING E CLOCKING* 



h*— ►tpcs U — ►^tpcs [< — ►^•pcs p — ► 



STRETCHED E 





**The E clock resumes normal operation at the end of the one-half cycle during which MR assertion meets the tpcs setup time. The tpcs setup time 
is referenced to transitions of E were it not stretched. If tpQs setup time is not met, E falls at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 10 is used. 



MPU Instruction Set 



The F6802/F6882 has a basic set of 70 instructions. 
Included are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt, and stack manipulation instructions (refer to 
Tables 2 through 6); special operations are illustrated in 
Figure 12. This instruction set is identical to that of 
the F6800. 



Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction. The exceptions are LDS 
and LDX, which have the operand in the second and third 
bytes of the instruction. The MPU addresses this 
location when it fetches the immediate instruction for 
execution. These are 2- or 3-byte instructions. 



MPU Addressing Modes 

There are seven address modes that can be used by a 
programmer. The addressing modes can be used as a 
function of both the type of instruction and the coding 
within the instruction. A summary of the addressing 
modes for a particular instruction can be found in Table 
7, along with the associated instruction execution time 
that is given in machine cycles. With a bus frequency of 
1 MHz, these times would be microseconds. 



Direct Addressing 

In direct addressing, the address of the operand is 
contained in the second byte of the instruction. Direct 
addressing allows the user to directly address the 
lowest 256 bytes in the machine (i.e., locations 
zero through 255). Enhanced execution times are 
achieved by storing data in these locations. In most 
configurations, it should be a random access memory. 
These are 2-byte instructions. 



Accumulator (ACCX) Addressing 

In accumulator-only addressing, either accumulator A or 
accumulator B is specified. These are 1-byte instructions. 
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Table 2 F6802/6882 Microprocessor instruction Set —Alphabetic Sequence 



ABA 


Add Accumulators 


ADC 


Add with Carry 


ADD 


Add 


AND 


Logical And 


ASL 


Arithmetic Shift Left 


ASR 


Arithmetic Shift Right 


BCC 


Branch if Carry Clear 


BCS 


Branch if Carry Set 


BEQ 


Branch if Equal to Zero 


BGE 


Branch if Greater or Equal Zero 


BGT 


Branch if Greater than Zero 


BHI 


Branch if Higher 


BIT 


Bit Test 


BLE 


Branch if Less or Equal 


BLS 


Branch if Lower or Same 


BLT 


Branch if Less than Zero 


BMI 


Branch if Minus 


BNE 


Branch if Not Equal to Zero 


BPL 


Branch if Plus 


BRA 


Branch Always 


BSR 


Branch to Subroutine 


BVC 


Branch if Overflow Clear 


BVS 


Branch if Overflow Set 


CBA 


Compare Accumulators 


CLC 


Clear Carry 


CLI 


Clear Interrupt Mask 


CLR 


Clear 


CLV 


Clear Overflow 


CMP 


Compare 


COM 


Complement 


CPX 


Compare Index Register 


DAA 


Decimal Adjust 


DEC 


Decrement 


DES 


Decrement Stack Pointer 


DEX 


Decrement Index Register 


EGR 


Exclusive OR 


INC 


Increment 


INS 


Increment Stack Pointer 


INX 


Increment Index Register 



JMP 


Jump 


JSR 


Jump to Subroutine 


LDA 


Load Accumulator 


LDS 


Load Stack Pointer 


LDX 


Load Index Register 


LSR 


Logical Shift Right 


NEG 


Negate 


NOP 


No Operation 


ORA 


Inclusive OR Accumulator 


PSH 


Push Data 


PUL 


Pull Data 


ROL 


Rotate Left 


ROR 


Rotate Right 


RTI 


Return form Interrupt 


RTS 


Return from Subroutine 


SBA 


Subtract Accumulators 


SBC 


Subtract with Carry 


SEC 


Set Carry 


SEI 


Set Interrupt Mask 


SEV 


Set Overflow 


STA 


Store Accumulator 


STS 


Store Stack Register 


STX 


Store Index Register 


SUB 


Subtract 


SWI 


Software Interrupt 


TAB 


Transfer Accumulators 


TAP 


Transfer Accumulators to Condition Code 




Reg. 


TBA 


Transfer Accumulators 


TPA 


Transfer Condition Code Reg. to 




Accumulator 


TST 


Test 


TSX 


Transfer Stack Pointer to Index Register 


TXS 


Transfer Index Register to Stack Pointer 


WAI 


Wait for Interrupt 
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Table 3 Accumulator and Memory Instructions 





MNEMONIC 


ADDRESSING MODES 


BOOLEAN/ARITHMETIC OPERATION 

(All register labels 
refer to contents) 


COND. CODE REG 


OPERATIONS 


IMMED 


DIRECT 


INDEX 


EXTND 


IMPLIED 


5 




3 




1 







OP - = 


OP ~ = 


OP - = 


OP - = 


OP 




H 




N 




V 


C 


Add 


ADDA 
ADDB 


8B 2 2 
CB 2 2 


98 3 2 
DB 3 2 


AB 5 2 
EB 5 2 


BB 4 3 
FB 4 3 






A + M - A 
B + M - B 














Add Acmltrs 


ABA 










IB 


2 1 


A + B - A 














Add with Carry 


ADCA 
ADCB 


89 2 2 
C9 2 2 


99 3 2 
D9 3 2 


A9 5 2 
E9 5 2 


B9 4 3 
F9 4 3 






A+M+C-A 
B+M+C-B 














And 


ANDA 


84 2 2 


94 3 2 


A4 5 2 


B4 4 3 






A • M - A 










R 






ANDB 


C4 2 2 


D4 3 2 


E4 5 2 


F4 4 3 






B • M-B 










R 




Bit Test 


BITA 


85 2 2 


95 3 2 


A5 5 2 


85 4 3 






A • M 










R 






BITB 


C5 2 2 


D5 3 2 


E5 5 2 


F5 4 3 






B • M 










R 




Clear 


CLR 






6F 7 2 


7F 6 3 






00 -M 






R 


S 


R 


R 




CLRA 










4F 


2 1 


00- A 






R 


S 


R 


R 




CLRB 










5F 


2 1 


00 -B 






R 


S 


R 


R 


Compare 


CMPA 
CMPB 


81 2 2 
CI 2 2 


91 3 2 
D1 3 2 


A1 5 2 
El 5 2 


81 4 3 

F1 4 3 






A - M 
B - M 










t 


J 

t 


Compare Acmltrs 


CBA 










11 


2 1 


A - B 










t 


1 


Complement, Is 


COM 
COMA 
COMB 






63 7 2 


73 6 3 


43 
53 


2 1 
2 1 


M -M 
A -A 
B-B 










R 
R 
R 


S 
S 
S 


Complement, 2s 


NEC 






60 7 2 


70 6 3 






00 - M - M 










CD 


(5) 


(Negate) 


NEGA 
NEGB 










40 
50 


2 1 
2 1 


00 - A - A 
00 - B - B 










© 
® 


® 


Decimal Ad|ust, A 


DAA 










19 


2 1 


Converts Binary Add. of BCD Characters 
into BCD Format 










t 


© 


Decrement 


DEC 
DECA 
DECB 






6A 7 2 


7A 6 3 


4A 
5A 


2 1 
2 1 


M - 1 - M 
A - 1 - A 
B - 1 - B 










4 
4 




Exclusive OR 


EORA 
EORB 


88 2 2 
C8 2 2 


98 3 2 
D8 3 2 


A8 5 2 
E8 5 2 


88 4 3 
F8 4 3 






A0M-.A 
B0M-B 










R 
R 




Increment 


INC 
INCA 
INCB 






6C 7 2 


7C 6 3 


4C 
5C 


2 1 
2 1 


M + 1 - M 
A + 1 - A 
B + 1 - B 










(D 
(D 
(D 




Load Acmltr 


LDAA 
LDAB 


86 2 2 
C6 2 2 


96 3 2 
D6 3 2 


A6 5 2 
E6 5 2 


86 4 3 
F6 4 3 






M-A 
M-B 










R 
R 




Or, Inclusive 


ORAA 
ORAB 


8A 2 2 
CA 2 2 


9A 3 2 
DA 3 2 


AA 5 2 
EA 5 2 


BA 4 3 
FA 4 3 






A + M - A 
B + M-B 










R 
R 




Push Data 


PSHA 
PSHB 










36 
37 


4 1 
4 1 


A - Mgp, SP - 1 - SP 
B-Mgp.SP- 1 -SP 










• 




Pull Data 


PULA 
PULB 










32 
33 


4 1 
4 1 


SP + 1 - SP, Mgp - A 
SP + 1 - SP, Mgp - B 










• 




Rotate Left 


ROL 






69 7 2 


79 6 3 






aLh- IlllllllhJ 










(6) 






ROLA 










49 


2 1 










(6) 






ROLB 










59 


2 1 


gj C b7 — bO 










(D 




Rotate Right 


ROR 






66 7 2 


76 6 3 






aUh ^ IIIIIIIII-' 










(6) 






RORA 










46 


2 1 










(6) 






RORB 










56 


2 1 


gj C b7 — ^ bO 










© 




Shift Left, 


ASL 
AS LA 






68 7 2 


78 6 3 


48 


2 1 


M^ -. — 










(6) 
(6) 




Arithmetic 


A 1 1 — 1 1 i 1 1 1 1 1 1-0 






ASLB 










58 


2 1 


BJ C b7 bO 










(D 




Shift Right, 


ASR 






67 7 2 


77 6 3 






A C?i 1 1 1 1 1 1 1 — n 










(6) 




Arithmetic 


ASRA 










47 


2 1 










(6) 






ASRB 










57 


2 1 


B b7 bO C 




• 






© 




Shift Right, 


LSR 
LSRA 






64 7 2 


74 6 3 


44 


2 1 


m -*■ 






R 
R 




© 
© 




Logic 


A 0-*| 1 1 1 1 1 1 1 1 -* 1 1 






LSRB 










54 


2 1 


gj b7 bO C 






R 




© 




Store Acmltr 


STAA 
STAB 




97 4 2 
D7 4 2 


A7 6 2 
E7 6 2 


87 5 3 
F7 5 3 






A-M 
B-M 










R 
R 




Subtract 


SUBA 
SUBB 


80 2 2 
CO 2 2 


90 3 2 
DO 3 2 


AG 5 2 
EO 5 2 


80 4 3 
FO 4 3 






A -M - A 
B - M -» B 


* 












Subtract Acmltrs 


SBA 










10 


2 1 


A - B-A 














Subtr. with Carry 


SBCA 
SBCB 


82 2 2 
C2 2 2 


92 3 2 
D2 3 2 


A2 5 2 
E2 5 2 


B2 4 3 
F2 4 3 






A -M -C -A 
B-M -C-B 














Transfer Acmltrs 


TAB 
TBA 










16 

17 


2 1 
2 1 


A-B 
B-A 










R 
R 




Test, Zero 


TST 






60 7 2 


7D 6 3 






M-OO 










R 


R 


or IMInus 


TSTA 
TSTB 










4D 
5D 


2 1 
2 1 


A -00 
B-00 


\ 








R 
R 


R 
R 


Note 


















H 




N 


Z 


V 


C 



Legend 

OP Operation code (hexadecimal) 

Number of MPU cycles 
= Number of program bytes 
+ Arithmetic plus 

Arithmetic minus 

Boolean AND 
Msp Contents of memory location 

point to be stack pointer 
+ Boolean inclusive-OR 

Boolean exclusive-OR 

Complement of M 

Transfer into 

Bit = zero 

Byte = zero 



M 



Condition Code Symbois 

H Half-carry from bit 3 

I Interrupt mask 

N Negative (sign bit) 

Z Zero (byte) 

V Overflow, 2's complement 

C Carry from bit 7 

R Reset always 

S Set always 

Test and set if true, cleared 

otherwise 
• Not affected 



Accumulator addressing mode instructions are included in the column for implied addressing. 
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Table 4 Index Register and Stack Manipulation Instructions 





































COND. CODE REG. 




IMMED 


DIRECT 


INDEX 


EXTND 


IMPLIED 


BOOLEAN/ARITHMETIC OPERATION 


5 


4 


3 


2 


1 





POINTER OPERATIONS MNEMONIC 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


OP 


~ 


# 


H 


1 


N 


Z 


V 


C 


Compare Index Reg 
Decrement Index Reg 
Decrement Stack Pntr 
Increment Index Reg 
Increment Stack Pntr 
Load Index Reg 
Load Stack Pntr 
Store Index Reg 
Store Stack Pntr 
Indx Reg - Stack Pntr 
Stack Pntr - Indx Reg 


CPX 
DEX 
DES 
INX 
INS 
LDX 
LDS 
SIX 
STS 
TXS 
TSX 


8C 

CE 
8E 


3 

3 
3 


3 

3 
3 


9C 

DE 
9E 
DF 
9F 


4 

4 
4 
5 
5 


2 

2 
2 
2 
2 


AC 

EE 
AE 
EF 
AF 


6 

6 
6 

7 
7 


2 

2 
2 
2 
2 


BC 

FE 
BE 
FF 
BF 


5 

5 
5 
6 
6 


3 

3 
3 
3 
3 


09 
34 
08 
31 

35 
30 


4 
4 
4 
4 

4 
4 


1 
1 
1 
1 

1 
1 


Xh - M, Xl - iM + 1i 

X - 1 - X 

SP - 1 ^ SP 

X + 1 - X 

SP + 1 - SP 

M - Xh, iM + 1' - Xl 

M - SPh, iM + 1 - SPl 

Xh - M, Xl- iM + 1 

SPh - M.SPl- iM + 1. 

X - 1 -* SP 

SP + 1 - X 






• 
• 
• 

CD 
(D 
(D 
CD 

• 
• 




(D 

• 
• 
• 
• 

R 
R 
R 
R 

• 
• 





Table 5 Jump and Branch Instructions 



COND. CODE REG. 



OPERATIONS 



MNEMONIC 



OP 



RELATIVE INDEX EXTND IMPLIED 



OP 



OP 



OP # 



BRANCH TEST 



Branch Always 
Branch If Carry Clear 
Branch If Carry Set 
Branch If = Zero 
Branch If ^ Zero 
Branch If -- Zero 
Branch If Higher 
Branch If < Zero 
Branch If Lower Or Same 
Branch If < Zero 
Branch If fVlinus 
Branch If Not Equal Zero 
Branch If Overflow Clear 
Branch If Overflow Set 
Branch If Plus 
Branch To Subroutine 
Jump 

Jurrip To Subroutine 
No Operation 
Return From Interrupt 
Return From Subroutine 
Software Interrupt 
Wait for Interrupt' 



BRA 
BCC 
BCS 
BEQ 
BGE 
BGT 
BHI 
BLE 
BLS 
BLT 
Bf^l 
BNE 
BVC 
BVS 
BPL 
BSR 
JfVlP 
JSR 
NOP 
RTI 
RTS 
SWI 
WAI 



None 

C = 

C = 1 

Z = 1 

N©V = 

Z + iN©Vi = 

C + Z = 

Z + (N0V. = 1 

C + Z=1 

N©V = 1 

N = 1 

Z = 

V = 

V=1 

N = 

See Special Operations 

Advances Prog. Cntr. Only 

See Special Operations 



© 



*WAI puts address bus, RA/V, and data bus in the 3-state mode while VMA is held low. 
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Table 6 Condition Code Register IVIanipulation instructions 





COND. CODE REG 






IMPLIED 




5 




3 


2 


1 





OPERATIONS MNEMONIC 


OP 


~ 


# 


BOOLEAN OPERATION 


H 




N 


Z 


V 


c 


Clear Carry 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Acmltr A - OCR 
OCR - Acmltr A 


CLC 
CLI 
CLV 
SEC 
SEI 
SEV 
TAP 
TPA 


OC 
OE 
OA 
OD 
OF 
OB 
06 
07 


2 
2 
2 
2 
2 
2 
2 
2 




0-C 
0- 1 
0- V 

1 -c 
1 - 1 

1 - V 
A^CCR 
CCR-- A 


• 


R 

S 

• 


*/^* 


• 
• 
R 
• 
• 
S 


R 

• 
• 

s 

• 
• 


1 VJ^ 



Condition Code Register Notes (Bit set if test is true and cleared otiierwise) 

1 (BitV) Test: Result =10000000? 

2 (BitC) Test: Result = 00000000? 

3 (Bit C) Test: Decimal value of most significant BCD character 

greater than nine? (Not cleared if previously set.) 

4 (Bit V) Test: Operand = 10000000 prior to execution? 

5 (Bit V) Test: Operand = 01 1 1 1 1 1 1 prior to execution? 

6 (Bit V) Test: Set equal to result of N ®C after shift has occurred. 

7 (Bit N) Test: Sign bit of most significant (MS) byte = 1? 



(Bit V) Test: 2's complement overflow from subtraction of MS 

bytes? 
(Bit N) Test: Result less than zero? (Bit 15=1) 
(All) Load condition code register from stack (see Figure 10) 
(Bit I) Set when interrupt occurs. If previously set, a non-maskable 

interrupt is required to exit the wait state. 
(All) Set according to the contents of accumulator A. 



Table 7 instruction Addressing IVIodes and Associated Execution Times (Times in Macliine Cycles) 



ABA 

ADC 

ADD 

AND 

ASL 

ASR 

BOG 

BOS 

BEA 

BGE 

BGT 

BHI 

BIT 

BLE 

BLS 

BLT 

BMI 

BNE 

BPL 

BRA 

BSR 

BVC 

BVS 

CBA 

CLC 

CLI 

CLR 

CLV 

CMP 

COM 

CPX 

DAA 

DEC 

DES 

DEX 

EGR 



(Dual Operand) ACCX Immediate Direct Extended Indexed Implied Reli 

X •234 



exed 

• 


Implied 

2 


Relative 


INC 


5 






INS 


5 






INX 


5 






JMP 


7 






JSR 


7 






LDA 








LDS 








LDX 








LSR 








NEG 








NOP 








ORA 








PSH 








PUL 








ROL 








ROR 








RTI 








RTS 








SBA 








SBC 








SEC 








SEI 








SEV 




2 




STA 




2 




STS 




2 




STX 




• 




SUB 




2 




SWI 




• 




TAB 




• 




TAP 




• 




TBA 




2 




TPA 




• 




TST 




4 




TSX 




4 




TSX 


5 


• 




WAI 



(Dual Operand) ACCX immediate Dii 



ect Extended Indexed Implied 

6 7 • 



Note 

Interrupt time is 12 cycles from the end of the instruction being executed, , except following a WAI instruction, when it is four cycles. 
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Fig. 12 Special Operations 

JSR, JUMP TO SUBROUTINE: 

PC Main Program 



AD 


-JSR 




K - 


Offset 




Nexi Mam 


Instr. 



o 



*K - 8-Bit Unsigned Value 
PC Mam Program 



EXTND 



n 
n -r 1 
n - 2 
n T 3 



BD 


= JSR 




SH = 


= Subr 


Addr, 


SL = 


- Subr. 


Addr. 


Next Mam Instr. 



BSR, BRANCH TO SUBROUTINE: 

PC Mam Program 





n 
n ^ 1 
n^2 

PC 

n 

n r 1 
X -r K 


8D = BSR 




r K = Offset* 




Next Mam Instr. 


JMP, JUMP: 


= 7-Bit Signed Value 
Mam Program 


( 


6E = JMP 


INDXD \ 


K - Offset 




• 
• 
• 


[ 


Next Instruction 



RTS, RETURN FROM SUBROUTINE: 

PC Subroutine 

S I 39 - RTS 



RTI, RETURN FROM INTERRUPT: 

PC Interrupt Progranri 
S 



3B = RTI 



O 



O 



SP 


Stack 






PC 


Subroutine 


SP-2 






INX T K 


1st Subr. Instr. 


SP - 1 


n - 2, H 




SP 


nx2 L 


PC 


Subroutine 


n 
SP 


^ 2 H and n -r 2 
Stack 


, L Form n -r 2 


SP -2 






S 


1st Subr. Instr. 


SP- 1 


n t3, H 




SP 


n^3 L 


S Formed From Sh and Sl 



- = Stack Pointer After Execution. 



SP 
SP-2 
SP- 1 

SP 







Stack 




n 


-r2 


H 


n 


-2 


L 



PC Subroutine 

- 2 n K 1st Subr. Instr. 



n -r 2 Formed From n -r 2,h and n -r 2.l 



EXTENDED \ 



n -r 1 
m-2 



O 



O 



SP 
SP 

SP -r 1 

SP X 2 

SP 
SP 
SP X 1 
SP ^ 2 
SP T 3 
SP -r 4 
SP ^ 5 
SP T 6 
- SP T 7 



PC 





Condition Code 


Acmltr 


B 




Acmit 


A 




Index Register 


Xh 


Index 


Register 


Xl 


Nh 


Nl 



Mam Program 



7E - JMP 


Kn ^ Next Address 


Kl = Next Address 


* 


Next Instruction 


Mam Program 


Next Main Instr. 





Main Program 



n Next Mam Instr. 
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Extended Addressing 

In extended addressing, the address contained in the 
second byte of the instruction is used as the higher 8 
bits of the address of the operand. The third byte of the 
instruction is used as the lower 8 bits of the address for 
the operand. This is an absolute address in nnemory. 
These are 3-byte instructions. 

Indexed Addressing 

In indexed addressing, the address contained in the 
second byte of the instruction is added to the index 
register's lowest 8 bits In the MPU. The carry is then 
added to the higher order 8 bits of the index register. 
This result Is then used to address memory. The 
modified address Is held in a temporary address register 
so there Is no change to the Index register. These are 
2-byte instructions. 

Impiied Addressing 

In the implied addressing mode, the Instructions give the 
address (i.e., stack pointer, index register, etc.). These 
are 1-byte instructions. 

Relative Addressing 

In relative addressing, the address contained in the 
second byte of the instruction is added to the program 
counter's lowest 8 bits plus two. The carry or borrow is 
then added to the higher 8 bits. This allows the user to 
address data within a range of - 125 to +129 bytes of 
the present Instruction. These are 2-byte instructions. 

Summary of Cycie-by-Cycle Operation 

Table 8 provides a detailed description of the information 
present on the address bus, data bus, valjd memory 
address (VMA) line, and the read/write (R/W) line during 
each cycle for each Instruction. 

This Information Is useful In comparing actual with 
expected results during debug of both software and 
hardware as the control program is executed. The 
information is categorized according to addressing mode 
and number of cycles per Instruction. (In general. 
Instructions with the same addressing mode and number 
of cycles execute in the same manner. Exceptions are 
indicated in the table.) 



Output Delay 

Figures 13 and 14 Illustrate typical output delays versus 
capacitance loading. 



Fig. 13 Typical Data Bus Output Delay vs. Capacltive 
Loading 



600 


loH = -205 mA max @ 2.4 V 
lOL = 1.6 mA max @ 0.4 V 






500 


Vcc = 5.0 V 








Ta = 25°C 










j'-> 


























UJ 
























^... 




< 

O 200 




1 










100 





















1 1 



100 200 300 400 500 600 

Cl, load capacitance (pF) 



Fig. 14 Typical Read/Write, VMA and Address Output 
Delay vs. Capacltive Loading 



lOH = -145 mA max @ 2.4 V 
loL = 1.6 mA max @ 0.4 V 
Vcc = 5.0 V 
Ta = 25°C 




100 200 300 400 500 600 
Cl. load capacitance (pF) 
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Table 8 Operation Summary 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 



Immediate 



ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


2 


1 
2 


1 
1 


Op Code AdcJress 
Op Code Address + 1 


1 
1 


Op Code 
Operand Data 


CPX 
LDS 
LDX 


3 


1 
2 
3 


1 

1 
1 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


1 
1 
1 


Op Code 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte^ 


Direct 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


3 


1 
2 
3 




Op Code Address 
Op Code Address + 1 
Address of Operand 


1 
1 

1 


Op Code 

Address of Operand 

Operand Data 


CPX 
LDS 
LDX 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 


1 
1 
1 
1 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


STA 


4 


1 
2 
3 
4 




Op Cod6 Address 
Op Code Address + 1 
Destination Address 
Destination Address 


1 
1 
1 



Op Code 

Destination Address 
Irrelevant D9ta (Note.1) 
Data from Accumulator 


STS 
STX 


5 


1 
2 
3 
4 
5 




Op Code Address 
Op. Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand + 1 


1 
1 
1 




Op Code 

AcJdress of Operand 
Irrelevant Data (Note 1) 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Indexed 


JMP 


4 


1 
2 
3 
4 




Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 




Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


5 


1 
2 
3 
4 
5 






Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 




Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Opei-and Data 


CPX 
LDS 
LDX 


6 


1 
2 
3 
4 
5 
6 






Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset + 1 




Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

OperancI Data (High Order Byte) 

Operand Data (Low Order Byte) 
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Table 8 Operation Summary (Cont.) 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 



Indexed (Continued) 



STA 


6 


1 
2 
3 
4 
5 
6 


1 
1 



1 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 




Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Operand Data 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 


7 


1 
2 
3 
4 
5 
6 
7 


1 

1 




1 



1/0 
(Note 

3) 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset 





Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 


STS 
STX 


7 


1 
2 
3 
4 
5 
6 
7 


1 
1 



1 
1 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 

Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset + 1 


1 
1 
1 
1 
1 




Op Code 

Offset 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1 ) 

Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


JSR 


8 


1 
2 
3 
4 
5 
6 
7 
8 


1 
1 


1 
1 






Op Code Address 

Op Code Address + 1 

Index Register 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Index Register 

Index Register Plus Offset (w/o Carry) 


1 
1 
1 




1 
1 
1 


Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (High Order Byte) 

Return Address (Low Order Byte) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 


Extended 


JMP 


3 


1 
2 
3 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 




Op Code 

Jump Address (High Order Byte) 

Jump Address (LLow Order Byte) 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 


CPX 
LDS 
LDX 


5 


1 
2 
3 
4 
5 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 




Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (High Order Byte) 


STA A 
STA B 


5 


1 
2 
3 
4 
5 





Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 





Op Code 

Destination Address (High Order Byte) 

Destination Address (Low Order Byte) 

Irrelevant Data (Note 1) 

Data from Accumulator 


ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 


6 


1 
2 
3 
4 
5 
6 




1/0 
(Note 

3) 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand 





Op Code 

Address of Operand (High Order Byte) 

Address of Operand (Low Order Byte) 

Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 
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Table 8 Operation Summary (Cont.) 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 



Extended (Continued) 



STS 




1 




Op Code Address 


1 


op Code 


STX 




2 




Op Code Address + 1 


1 


Address of Operand (High Order Byte) 




6 


3 




Op Code Address + 2 


1 


Address of Operand (Low Order Byte) 




4 





Address of Operand 


•1 


Irrelevant Data (Note 1i 






5 




Address of Operand 





Operand Data (High Order Byte) 






6 




Address of Operand + 1 





Operand Data (Low Order Byte) 


JSR 




1 
2 
3 

4 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 


1 
1 
1 


Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 




9 


5 




Stack Pointer 





Return Address (Low Order Byte) 






6 




Stack Pointer — 1 





Return Address (High Order Byte) 






7 





Stack Pointer — 2 


1 


Irrelevant Data iNote 1i 






8 





Op Code Address + 2 


1 


Irrelevant Data (Note 1) 






9 


1 


Op Code Address + 2 


1 


Address of Subroutine (Low Order Byte) 



Inherent 



ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 


2 


1 
2 


1 
1 


Op Code Address 
Op Code Address + 1 


1 
1 


Op Code 

Op Code of Next Instruction 


DES 
DEX 
INS 
INX 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Previous Register Contents 
New Register Contents 




Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1i 
Irrelevant Data (Note 1) 


PSH 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 


1 



Op Code 

Op Code of Next Instruction 
Accumulator Data 
Accunnulator Data 


PUL 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 




Op Code 

Op Code of Next Instructicjn 
Irrelevant Data (Note 1) 
Operand Data from Stack 


TSX 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
New Index Register 




Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


TXS 


4 


1 
2 
3 
4 




Op Code Address 
Op Code Address + 1 
Index Register 
New Stack Pointer 




Op Code 

Op Code of Next Instruction 

Irrelevant Data 

Irrelevant Data 


RTS 


5 


1 
2 
3 
4 

5 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer + 2 


1 


Op Code 

Irrelevant Data (Note 2) 

Irrelevant Data (Note D 

Address of Next Instruction (High 

Order Byte) 

Address of Next Instruction (Low 

Order Byte) 
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Table 8 Operation Summary (Cont.) 



Address Mode 
and Instructions 


Cycles 


Cycle 

# 


VMA 
Line 


Address Bus 


R/W 
Line 


Data Bus 



Inherent (Continued) 



WAI 


9 


1 
2 
3 
4 
5 
6 
7 
8 
9 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 (Note 4. 


1 
1 






1 


op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


RTI 


10 


1 
2 
3 
4 

5 
6 
7 

8 

9 

10 




Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 

Stack Pointer + 2 

Stack Pointer + 3 

Stack Pointer-+ 4 

■ 

Stack Pointer + 5 

Stack Pointer + 6 

Stack Pointer + 7 


1 
1 
1 
1 

1 
1 
1 

1 

1 

1 


Op Code 

Irrelevant Data (Note 2i 

Irrelevant Data (Note 1 1 

Contents of Cond. Code Register from 

Stack 

Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order 

Byte) 

Index Register from Stack (Low Order 

Byte) 

Next Instruction Address from Stack 

(High Order Byte) 

Next Instruction Address from Stack 

(Low Order Byte) 


SWI 


12 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 





Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA iHexi 

Vector Address FFFB (Hexi 


1 
1 







1 
1 

1 


Op Code 

Irrelevant Data (Note 1 1 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 

Contents of Accumulator A 

Contents of Accumulator B 

Contents of Cond. Code Register 

Irrelevant Data (Note 1i 

Address of Subroutine (High Order 

Byte) 

Address of Subroutine (Low Order Byte) 


Relative 


BCC BHI BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMI BVS 


4 


1 
2 
3 
4 


1 
1 




Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Branch Address 


1 
1 
1 
1 


Op Code 
Branch Offset 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


BSR 


8 


1 
2 
3 
4 
5 
6 
7 
8 


1 

1 



1 
1 






Op Code Address 

Op Code Address + 1 

Return Address of Main Program 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Return Address of Main Program 

Subroutine Address 


1 

1 
1 



1 

1 
1 


Op Code 
Branch Offset 
Irrelevant Data (Note 1) 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 



1. If device that is addressed during this cycle uses VMA, the data bus goes to the high-impedance 3-state condition. Depending on bus 
capacitance, data from the previous cycle may be retained on the data bus. 

2. Data is ignored by the MPU. 

3. For TST, VMA s= Q and operand data does not change. 

4. Most significant byte of address bus = most significant byte of address of BSR instruction, and least significant byte of address bus = least 
significant byte of subroutine address. 
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DC Characteristics 

Table 9 contains tlie dc characteristics of the 
F6802/F6882. 



Absoiute l\/laximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
indicated in this data sheet, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 



Voltage of any Pin Relative to GND 


-0.3 V, +7.0 V 


Storage Temperature 


-55X, +150X 


Power Dissipation 


1.5 W 


Thermal Resistance, ^ja 




(Plastic Package) 


1W 


(CER-DIP Package) 


SS'^C/W 



Table 9 DC Characteristics Vcc = 5.0 V± 5%, Vss = 0, Ta = to 70**C unless otherwise noted) 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Condition 


V,H 


Input High Voltage 
Logic EXtal 
Logic Reset 


Vss+2.0 
Vss+4.0 


- 


Vcc 
Vcc 


Vdc 




V,L 


Input Low Voltage 


Vss-0.3 





Vss+0.8 


Vdc 






Logic Extal, Reset 




l|N 


Input Leakage Current 
Logic 





1.0 


2.5 


/iAdc 


V,N = to 5.25 V, Vcc = Max 


Vqh 


Output High Voltage 
D0-D7 

A0-A15, R/W, VMA, E 
BA 


Vss+2.4 
Vss+2.4 
Vss+2.4 


- 


, - 


Vdc 


Iload= - 206 ^Adc, Vcc= Min 
l|_OAD= ~ "^45 iiMc, Vcc= Min 
'load= - 100 iiMc, Vcc= Min 


Vol 


Output Low Voltage 


— 


— 


Vss+0.4 


Vdc 


Iload= I-O mAdc, Vcc= Min 


Pd* 


Power Dissipation 


— 


0.600 


1.2 


W 




VSBB 
VSB 


Vcc Standby 
Power Down 
Power Up 


4.0 
4.75 


- 


5.25 
5.25 


Vdc 




•see 


Standby Current 
F6802 
F6882 


- 


- 


8.0 
3.0 


mA 




Cqut 


Capacitance 
D0-D7 

Logic Inputs EXtal 
A0-A15, R/W, VMA 


- 


6 


12.5 
10 
12 


PF 


V|N = 0, Ta = 25X, f=1.0MHz 



*ln power-down mode, maximum power dissipation is less than 42 mW. 
Capacitances are periodically sampled rather than 100% tested. 
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Timing Characteristics 

Tables 10 and 11 contain timing characteristics 
Information. 



Table 10 Frequency Characteristics 





Characteristic 


F6802 


F680A02 


F68B02 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


fo 


Frequency of Operation 


0.1 


1.0 


0.1 


1.5 


0.1 


2.0 


MHz 


^XTAL 


Crystal Frequency 


1.0 


4.0 


1.0 


6.0 


1.0 


8.0 


MHz 


4xfo 


External Oscillator Frequency 


0.4 


4.0 


0.4 


6.0 


0.4 


8.0 


MHz 


^CYC 


Cycle Time 


1.0 


10 


0.666 


10 


0.5 


10 


,iS 


*PWEH 
tpWEL 


Clock Pulse Width ^ ^'Qh 
E Low 


450 
450 


9500 
5000 


280 
280 


9700 
5000 


220 
210 


9700 
5000 


ns 


tR,tF 


Fall Time 


— 


25 


— 


25 


— 


20 


ns 


trc 


Crystal Oscillator Startup Time 


100 


- 


100 


- 


100 


— 


ms 



Table 11 Read/Write Timing 





Characteristic 


F6802 


F680A02 


F68B02 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


tAD 


Address Delay 


— 


270 


— 


220 


— 


180 


ns 


UV2 


Address Delay (Internal RAM) 

Read Access Time Useable by Peripheral @ 1 MHz 

Ucc = ^CYC - Ud + ^DSR + tp 


- 


270 
605 


— 


240 
310 


""" 


200 
235 


ns 


bsR 


Data Setup Time (Read) 


100 


— 


70 


— 


60 


— 


ns 


^DHR 


Input Data Hold Time 


10 


— 


10 


— 


10 


— 


ns 


*DHW 


Output Data Hold time 


30 


— 


20 


— 


20 


— 


ns 


tAH 


Address Hold Time (Address, R/W, VMA) 


20 


— 


20 


— 


20 


— 


ns 


^DDW 


Data Delay Time (Write) 


— 


225 


— 


170 


— 


160 


ns 


tpcs 

tpCR. ^PCF 


Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Does Not Apply to RESET) 
(Measured between 0.8 V and 2.0 V) 


200 


100 


140 


100 


110 


100 


ns 



Note 

If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 applies. For normal data 
storage in the on-board RAM, this extended delay does not apply. Programs cannot be exeucted from on-board RAM when using A and B parts (F68A02, F68A08, 
F68B08). One-board RAM can be used for data storage with all parts. 
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Bus Timing Characteristics 




Parameter 


F6802NS 
F6802 
F6808 


F68A02 
F68A08 


F68B02 
F68B08 




Symbol 


MIn Max 


Min IVIax 


IMin Max 


Unit 


tcYC 


Cycle Time 


1.0 10 


0.667 10 


0.5 10 


fiS 


PWel 


(2) Pulse Width, E Low 


450 5000 


280 5000 


210 5000 


ns 


PWeh 


(3) Pulse Width, E High 


450 9500 


280 9700 


220 9700 


ns 


tr,tf 


@ Clock Rise and Fall Time 


- 25 


- 25 


- 20 


ns 


tAH 


(9) Address Hold Time 


20 - 


20 - 


20 - 


ns 


tAV2 


@ Non-Muxed Address Valid Time to E (See Note 5) 


160 - 
~ 270 


100 - 


50 - 


ns 


toSR 


@ Read Data Setup Time 


100 - 


70 -- 


60 - 


ns 


tpHR 


@ Read Data Hold Time 


10 - 


10 ~ 


10 - 


ns 


tODW 


@) Write Data Delay Time 


- 225 


- 170 


- 160 


ns 


toHW 


(21) Write Data Hold Time 


30 - 


20 - 


20 - 


ns 


Ucc 


(29) Usable Access Time (See Note 4) 


605 - 


310 - 


235 - 


ns 



R/W ADDRESS 
(NONMUXED) 




WRITE DATA 
NONMUXED 



Notes 

1. Voltage levels shown are Wi<, 0.4 V, Vh s 2.4 V, unless othenwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

3. All electricals shown for the F6802 apply to the F6802NS and F6808, unless otherwise noted. 

4. Usable access time Is computed by 12 + 3 + 4- 17. 
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Fig. 15 Read Data from Memory or Peripherals 




DATA FROM 

MEMORY OR 

PERIPHERALS 



I DATA NOT VALID 




Note 

Timing measurements are referenced to and from a low voltage of 0.8 votts and a high voltage of 2.0 volts, unless otherwise noted. 



Fig. 16 Write Data in IVIemory or Peripherais 




DATA 
FROM MPU 



1 DATA NOT VALID 



Note 

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 



Fig. 17 Bus Timing Test Load 



C = 130 pF FOR D0-D7. E _ 

= 90 pF FOR A0-A16, R/W. AND VMA 

= 30pFFORBA 
R = 11.7k«FORDo-D7, E _ 

= 16.5 k« FOR Ao-A,5, R/W. AND VMA 

« 24l(QFORBA 
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Ordering Information 



Order Code 


Speed 


Temperature Range 


F6802P, S 


1.0 MHz 


0Xto+70"C 


F6882P,S 


1.0 MHz 


O^'Cto +70^ 


F6802CP, CS 


1.0 MHz 


-40'*Cto +85X 


F68A02P, S 


1.5 MHz 


OX to +70X 


F68A02CP, CS 


1.5 MHz 


-40Xto +85X 


F68B02P, S 


2.0 MHz 


OX, to +70X 



P= Plastic package 
S = Ceramic package 
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F6809 

Central Processing Unit 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F6809 8-bit Microprocessor is an advanced, 
liigli-performance member of the F6800 family. It offers 
greater throughput, improved byte efficiency, and 
increased adaptability to various software disciplines, 
including position-independent code, re-entrancy, 
recursion, block structuring, and high-level language 
generation. The F6809 is compatible with all F6800 
peripheral devices and is upward source code 
compatible with F6800-series microprocessors. 

Architectural improvements, such as additional 16-bit 
registers and dual 8-bit data paths, allow for powerful 
enhancements to the instruction set and addressing 
capabilities. 

• Compatible with Entire F6800 Family 
—Hardware Interfaces with all F6800 Peripherals 
—Software Has Upward-Compatible Instruction Set 

and Addressing Modes 

• Two 16-Bit Index Registers 

• Two Indexable 16-Bit Stack Pointers 

• Two 8-Bit Accumulators Can Be Concatenated to 
Form One 16-Bit Accumulator 

• Direct Page Register Allows Direct Addressing 
Throughout Memory Map 

• Single -H 5 V Supply 

• On-Chip Oscillator 

• MRDY Input Extends Data Access Time for Use with 
Slow Memo ry 

• DMA/BREQ Allows Access to Bus for DMA and 
Memory Refresh 

• Fast Interrupt Request (FIRQ) Stacks Only Program 
Counter and Condition Code Register 

• Interrupt Acknowledge Output Allows Vectoring by 
Device 

• Sync Acknowledge Output Allows for Synchronization 
to External Event 

• 16-Bit Arithmetic (ADD, SUBTRACT, COMPARE, 
LOAD, STORE) 

• 8 X 8 Unsigned Multiply 

• Transfer/Exchange all Registers 

• Push/Pull all Registers 

• Ten Addressing Modes 

• Expanded Indexed Addressing, Accumulator or up to 
16-Bit Offset, Auto-Increment/Decrement by One 

or Two 

• True Indirect Addressing 

• Load-Effective Address 



Connection Diagram 



VssC 


1 ^ 40 


J HALT 


NMI ^ 


2 


39 


^XTAL 


IRQ^ 


3 


38 


J EXTAL 


FiRQ[^ 


4 


37 


;]res 


BSC 


5 


36 


^MRDY 


baC 


6 


35 


11° 


VocL 


7 
8 


34 
33 


1^ 


AoL 


J DMA/BREQ 


A-C 


9 


32 


^R/W 


A.i: 


10 


31 


Jo. 


A,[: 


11 


30 


Jo, 


A.[: 


12 


29 


Jo, 


AsC 


13 


28 


Jo, 


^L 


14 


27 


J"' 


A.C 


15 


26 


JD, 


A.C 


16 


25 


DOe 


*»L 


17 


24 


J°' 


Al0 [^ 


18 


23 ■Ja.s 


A„ [; 


19 


22 JAi4 


A,2 C 


20 


21 JAi3 



(Top View) 
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Block Diagram 




BUS 
CONTROL 


.«— HALT 
— -♦- BA 




L 

r 


» BS 
XTAL 


TIM 


ING 


■•— EXTAL 
•m MRDY 
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F6810/F68A10/F68B10 
128 X 8-Bit Static Random 
Access IVIemory 



Microprocessor Product 



Description 

The F6810 128 x 8-bit static RAM is a byte-organized 
memory designed for use in bus-organized systems. 


Logic Symbol 

23 

22 

21 

20 

19 

18 

17 


10 11 

1 I 


12 13 

1 1 


14 15 16 

1 i 1 




Fabricated with n-channel, silicon-gate technology, the 
device is available in three frequency ranges: 1.0 MHz 
(F6810), 1.5 MHz (F68A10), 2.0 MHz (F68B10). The device, 
which operates from a single power supply, is 
compatible with TTL and DTL; it needs no clocks or 
refreshing because of its static operation. 

The memory is compatible with the F6800 microcomputer 
family, providing random storage in byte increments. 
Memory expansion is provided through multiple chip 
select inputs. 

• Organized as 128 Bytes of 8 Bits 


CSo CSi 

Ao 
Ai 
A2 
A3 
A4 
As 
A6 

Do Di 


CS2 CS3 CS4 CSs R/W 

F6810 
D2 Da D4 Ds De D7 




• Static Operation 

• Bidirectional 3-State Data Input/Output 

• Six Chip Select Inputs 

(Four Active LOW, Two Active HIGH) 

• Single +5 V Power Supply 

• TTL-Compatible 


1 1 1 1 1 

23456789 

Vcc = Pin 24 
Vss = Pin 1 




• Maximum Access Time: 
450 ns for F6810 
360 ns for F68A10 
250 ns for F68B10 


Connection Dia 
24-Pin DIP 


gram 










Pin Names 

D0-D7 Bidirectional Data Bus 
Ao-Ae Address Inputs 
CS0-CS5 Chip Select Inputs 
R/W Read/Write Input 


Vss C 
Do L 
Did 
D^L 
DaC 
D.L 

Dsc: 

DeC 

CSoC 
CSiL 
CS2C 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 




24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 


IJvcc 

jAo 

J A. 

Ua^ 

DA3 
JA4 
J AS 

J AS 

less 

I] CS4 

1 CS3 








(Top View) 
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Block Diagram 



Ao - 
Ai - 
A2 - 
A3 - 
A4 • 
As ■ 



ADDRESS 
DECODE 



MEMORY 
MATRIX 
(128 X S) 



3STATE 
BUFFER 




-*► Do 



-»► Di 
-^ D2 
-»► D3 



-^ 04 



-► Ds 
-► D6 
-► D7 



Signal Function Descriptions 



Mnemonic 



Pin 
No. 



Name Description 



Bus Handshake 

Ao-Ae 17-23 



Address Input signal lines con- 
Bus taining address to 
which data is to be 
written or from which 
data is to be read 



D0-D7 


2-9 


Data 


Bidirectional input/ 






Bus 


output signal lines over 
which data is read from 
or written to the device 


Chip Control 








CS0-CS5 


10-15 


Chip 


Input signal lines that 






Select 


prepare the device for a 
read or write operation 


R/W 


16 


Read/ 


Input signal lines that 






Write 


selects a chip read or 
write operation; a HIGH 
selects memory read, 
and a LOW selects 
memory write 



Supply 

Vss 1 Ground Ground for supply and 

signals 

Vcc 24 Supply +5 V supply voltage 



Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 

Operating Temperature - Tl, Th 

F6810, F68A10, F68B10 

F6810C, F68A10C 

F6810DM 

Storage Temperature Range 

Thermal Resistance - 0ja 



-0.3 V, +7.0 V 
-0.3 V, +7.0 V 

OX, +70X 
-40X, +85X 
-55X, +125X 
-eSX, +150''G 
82.5 X/W 



This device contains circuitry to protect the inputs against damage due 
to high static voitages or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages. 

These are stress ratings only, and functional operation at these ratings, or 
under any conditions above those indicated in this data sheet, is not 
implied. Exposure to the absolute maximum rating conditions for extendec 
periods of time may affect device reliability, and exposure to stresses 
greater than those listed may cause permanent damage to the device. 



Recommended Operating Conditions 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.75 


5.0 


5.25 


V 


VlH 


Input HIGH Voltage 


2.0 




5.25 


V 


ViL 


Input LOW Voltage 


-0.3 




0.8 


V 
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DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 



Symbol 


Characteristic 


iVIin 


Typ 


IVIax 


Unit 


Conditions 


llN 


Input Current (An, R/W, GSn, CSn) 






2.5 


/.A 


ViN = to 5.25 V 


VOH 


Output HIGH Voltage 


2.4 






V 


lOH = -205 /.A 


Vol 


Output LOW Voltage 






0.4 


V 


loL = 1.6 mA 


Ilo 


Output Leakage Current, 3-State 






10 


/xA 


CS = 0.8 V or CS = 2.0 V, 
Vq = 0.4 V to 2.4 V 


Ice 


Supply Current F6810 

F68A10, F68B10 






80 
100 


nnA 


Vcc = 5.25 V, all other pins 
grounded, Ta = 0*C 


Gin 


Input Capacitance 






7.5 


PF 


f = 1.0 MHz, 


Gout 


Output Capacitance 






12.5 


PF 


Ta = 25 X 



Bus Timing Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 




Symbol 



Characteristic 



F6810 



Min 



Max 



F68A10 



Min 



Max 



F68B10 



Min 



Max 



Unit 



Read (Figure 1} 



tcyc(R) 


Read Cycle Time 


450 




360 




250 




ns 


tacc 


Access Time 




450 




360 




250 


ns 


tAS 


Address Set-up Time 


20 




20 




20 




ns 


tAH 


Address Hold Time 

















ns 


tODR 


Data Delay Time (Read) 




230 




220 




180 


ns 


tRCS 


Read-to-Select Delay Time 

















ns 


tDHA 


Data Hold from Address 


10 




10 




10 




ns 


tH 


Output Hold Time 


10 




10 




10 




ns 


tOHR 


Data Hold from Read 


10 


80 


10 


60 


10 


60 


ns 


tRH 


Read Hold from Chip Select 

















ns 



Write (Figure 2) 



tcyc(W) 


Write Cycle Time 


450 




360 




250 




ns 


tAS 


Address Set-up Time 


20 




20 




20 




ns 


tAH 


Address Hold Time 

















ns 


tcs 


Chip Select Pulse Width 


300 




250 




210 




ns 


twcs 


Write-to-Chip Select Delay Time 

















ns 


tosw 


Data Set-up Time (Write) 


190 




80 




60 




ns 


tH 


Input Hold Time 


10 




10 




10 




ns 


tWH 


Write Hold from Chip Select 

















ns 
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^ig. 1 Read Cycle Timing 






/W7\ 



r 



Note __ _ 

CS and CS can be enabled for consecutive read cycles, provided R/W 
remains at Vih. 



X 



\ 



/ 






DATA VALID 



> 



^M^-°°"'" 
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Fig. 2 Write Cycle Timing 



h 



\jf- 2.0V 

__y\o£v_ 




X 



-► N*- tAH -*-] 



/ 



r 



J 



DATA IN STABLE 



^ 



Don't Care 



Note _ _ 

CS and CS can be enabled for consecutive write cycles, provided R/W is 
strobed to Vih before or coincident with the address change, and remains 
HIGH for time tAS- 



Fig. 3 Output Load 




Timing Conditions 

The conditions under which the timing characteristics 
have been determined are as follows: 



Input Pulse Levels 

Input Rise and Fall Times 

Output Load 

Vcc 

Vss 

Ta 



0.8 V to 2.0 V 

20 ns 

See Figure 3 

5.0 V ±5% 



Tl to Th, unless otherwise 

noted 



Includes jig capacitance 
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Ordering Information 




Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6810P, S 
F6810CP, CS 
F6810DM 


OX to +70X 
-40Xto +85X 
-55Xto +125X 


1.5 MHz 


F68A10P, S 
F68A10CP, CS 


OX to -h70X 
-40Xto +85X 


2.0 MHz 


F68B10P, S 


OX to +70X 



P = Plastic package; S = Ceramic package 
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F6820 

Peripheral Interface Adapter 

(PIA) 



Microprocessor Product 



Description 

The F6820 Peripheral Interface Adapter (PIA) provides the 
universal nneans of interfacing peripheral equlpnnent to 
the F6800 Microprocessing Unit (MPU). This device is 
capable of interfacing the MPU to peripherals through 
two 8-bit bidirectional peripheral data buses and four 
control lines. No external logic is required for interfacing 
to most peripheral devices. 

The functional configuration of the PIA is progrannmed 
by the MPU during system initialization. Each of the 
peripheral data lines can be programmed to act as an 
input or output, and each of the four control/interrupt 
lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the 
overall operation of the interface. 

• 8-Bit Bidirectional Data Bus for Communication with 
the MPU 

• Two Bidirectional 8-Bit Buses for Interface to 
Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually Controlled Interrupt Input Lines, 
Two Usable as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output 
Peripheral Operation 

• High-Impedance 3-State and Direct Transistor Drive 
Peripheral Lines 

• Program-Controlled Interrupt and Interrupt Disable 
Capability 

• CMOS Drive Capability on Side A Peripheral Lines 



Logic Symbol 



Pin Names 




D0-D7 


Bidirectional Data Bus 


PAo-PAz 


Bidirectional Peripheral Data Bus A 


PB0-PB7 


Bidirectional Peripheral Data Bus B 


CSo, CSi, CS2 


Chip Select Inputs 


RSo, RSi 


Register Select Inputs 


E 


Enable Input 


R/W 


Read/Write Input 


RESET 


Reset Input 


CAi, CBi 


Interrupt Control Inputs 


CA2, CB2 


Programmable Interrupt Control Input or 




Peripheral Control Output 


IRQA, IRQB 


Interrupt Request Outputs 



36- 
35- 
22- 
24- 
23- 
25- 
21- 
40- 
39- 
18- 
19- 
34- 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

II II II I I II II II II 



PAo PA1 PA2 PA3 PA4 PAs PAe PA7 PBo PBi PB2 PB3 PB4 PB5 PBe PB7 

RSo 

RSi 

CSo 

(VMA)CSi 

CS2 

E IRQA 

— F6820 

R/W IRQB 

CAi 

CA2 

CBi 

CB2 

RESET 

Do Di D2 D3 D4 Ds De D7 



-38 
-37 




Vcc = Pin 20 
Vss = Pin 1 



33 32 31 30 29 28 27 26 



Connection Diagram 
40-Pin DIP 



VSSC 


1 40 


:]CA. 


PAo[; 


2 


39 


^CA2 


PAi^ 


3 


38 


_J|RQA 


PA2[; 


4 


37 


JlROB 


PA3[^ 


5 


36 


^RSo 


PA4[; 


6 
7 


35 
34 


JRS. 


PAsL 


J RESET 


PA6[; 


8 


33 


jDo 


PA7|~ 


9 


32 


30, 


PBoC 


10 


31 


JD. 


PBiC 


11 


30 


JD3 


PB2[; 


12 


29 


JD4 


PB3[; 


13 


28 


HDs 


PB4C 


14 


27 


Joe 


PBsC 


15 


26 


J-' 


PBeL 


16 


25 


JE 


PB7[: 


17 


24 


J|CSi 


CBi[^ 


18 


23 


^CS2 


CB2^ 


19 


22 


:icso 


Vcc^ 


20 


21 


^R/W 



(Top View) 
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Block Diagram 



Do - 
Di - 
D2 ■ 
D3 - 
D4 ■ 
Ds - 
D6 - 
D7 - 



DATA BUS 

BUFFERS 

(DBB) 



H 



BUS INPUT 

REGISTER 

(BIR) 



CSo 
CSi 

CS2 

RSo 

RSi 

R/W 

ENABLE 

RESET 













CHIP 

SELECT 

AND 

R/W 

CONTROL 
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F6820 PIA Bus Interface 



/\ 



c 



/\ 



=> 



^ 



o 



V V <v7 

DATA ADDRESS BUS 
BUS BUS CONTROL 



Do- 
Di - 
D2 - 
D3 - 
D4 - 
Ds- 
D6 - 
D7 ' 

RSo- 
RS1 - 
CSo - 

CS2 - 

(VMA)CSi - 

E - 

R/W - 

RESlT - 

iROS ' 

Vcc- 

Vss- 



r7 



-CAi 
- CA2 



A 
CONTROLS 



DATA DIRECTION REG A 



CONTROL REG A 



DATA DIRECTION REG B 



CONTROL REG B 



► PAo 

► PAi 

► PA2 
'PA3 
►PA4 
►PAs 
►PAe 
►PA7 



^PBo 
►PBi 
►PB2 
►PB3 
-PB4 
►PBs 
-PB6 
-PB7 



N Kll 



A 

DATA 

INTERFACE 



O, 



B 

DATA 

INTERFACE 



' CB2 i B 

- CBi I CONTROLS 



Functional Description 

PIA Interface Signals for MPU 

The PIA interfaces to the F6800 MPU with an 8-bit 
bidirectional data bus, three chip select lines, two 
register select lines, two interrupt request lines, a 
read/write line, an enable line, and a reset line. These 
signals, in conjunction with the F6800 VMA output, 
permit the MPU to have complete control over the PIA. 
The VMA signal should be utilized in conjunction with an 
MPU address line into a chip select of the PIA. 

PIA Bidirectional Data (Do-D?), Pins 26-33 — The 

bidirectional data lines (D0-D7) allow the transfer of data 
between the MPU and the PIA. The data bus output 
drivers are 3-state devices that remain in the high- 
impedance (OFF) state except when the MPU performs a 
PIA read operation. The read/write line is in the read 
(HIGH) state when the PIA is selected for a 
read operation. 

PIA Enable (E), Pin 25 — The enable (E) pulse is the only 
timing signal that is supplied to the PIA. Timing of all 
other signals is referenced to the leading and trailing 
edges of the E pulse. This signal is normally a derivative 
of the F6800 02 clock. 



PIA Read/Write (R/W), Pin 21 — This signal is generated 
by the MPU to control the direction of data transfers on 
the data bus. A LOW on the PIA read/write line enables 
the input buffers, and data is transferred from the MPU 
to the PIA on the E signal if the device has been 
selected. A HIGH on the read/write line sets up the PIA 
for a transfer of data to the bus. The PIA output buffers 
are enabled when the proper address and the E pulse 
are present. 



RESET, Pin 34 — The active-LOW RESET line is used to 
reset all register bits in the PIA to a logic (LOW). This 
line can be used as a power-on reset and as a master 
reset during system operation. 

PIA Chip Select (CSo, CSi, and CS2), Pins 22-24 — These 
three Input signals are used to select the PIA. CSo and 
CSi must be HIGH and GS2 must be LOW for selection 
of the device. Data transfers are then performed under 
the control of the enable and read/write signals. The chip 
select lines must be stable for the duration of the E 
pulse. The device is "deselected" when any of the chip 
selects are in the inactive state. 

PIA Register Select (RSo and RSi), Pins 35, 36 ~ The two 

register select lines are used to select the various 
registers inside the PIA. These two lines are used in 
conjunction with internal control registers to select a 
particular register that is to be written to or read. 
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The register and chip select lines should be stable for 
the duration of the E pulse while in the read or 
write cycle. 



Interrupt Request (IRQA and IRQB), Pins 37, 38 — The 

active-LOW Interrupt request lines act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are open drain (no-load- device on the chip). 
This permits all interrupt request lines to be tied 
together in a wired-OR configuration. 

Each interrupt request line has two internal interrupt flag 
bits that can cause either line to go LOW. Each flag bit 
is associated with a particular peripheral interrupt line. 
Also four interrupt enable bits are provided In the PIA 
that are used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU is accomplished by a 
software routine that, on a priority basis, sequentially 
reads and tests the two control registers in each PIA for 
interrupt flag bits that are set. 

The interrupt flags are cleared (set to 0) as a result of an 
MPU read peripheral data operation of the corresponding 
data register. After being cleared, the interrupt flag bit 
cannot be enabled until the PIA is "deselected"during an 
E pulse. The E pulse is used to condition the interrupt 
control lines (CAi, CA2, CBi, CB2). When these lines are 
used as interrupt inputs, at least one E pulse must occur 
from the inactive edge to the active edge of the interrupt 
input signal to condition the edge sense network. If the 
interrupt flag has been enabled and the edge sense 
circuit has been properly conditioned, the interrupt flag 
is set on the next active transition of the interrupt 
input pin. 

PIA/Peripheral Interface Lines 

The PIA provides two 8-bit bidirectional data buses and 
four interrupt/control lines for interfacing to peripheral 
devices. 

Section A Peripheral Data (PAo-PA/), Pins 2-9 — Each of 
the peripheral data lines is programmed to act as an 
input or output. This is accomplished by setting a "1" in 
the corresponding data direction register bit for those 
lines which are to be outputs. A "0" in a bit of the data 
direction register causes the corresponding peripheral 
data line to act as an input. During an MPU read 
peripheral data operation, the data on peripheral data 
lines programmed to act as Inputs appears directly on 
the corresponding MPU data bus lines. In the input 
mode, the Internal pull-up resistor on these lines 
represents a maximum of one standard TTL load. 



The data in output register A appears on the data lines 
that are programmed to be outputs. A logic "1" written 
into the register causes a HIGH on the corresponding 
data line, while a "0" results in a LOW. Data in output 
register A may be read by an MPU read peripheral data A 
operation when the corresponding lines are programmed 
as outputs. This data is read properly if the voltage on 
the peripheral data lines is greater than 2.0 V for a logic 
"1" output and less than 0.8 V for a logic "0" output. 
Loading the output lines so that the voltage on these 
lines does not reach full voltage causes the data 
transferred into the MPU on a read operation to differ 
from that contained in the respective bit of output 
register A. 

Section B Peripheral Data (PBo-PB?), Pins 10-17 — The 

peripheral data lines in the B Section of the PIA can be 
programmed to act as either inputs or outputs in a 
similar manner to PAo-PA?. However, the output buffers 
driving these lines differ from those driving lines 
PAo-PAz. They have 3-state capability, allowing them to 
enter a high-impedance state when the peripheral data 
line is used as an Input. In addition, data on the 
peripheral data lines PBo-PB/ is read properly from those 
lines programmed as outputs even if the voltages are 
below 2.0 V for a HIGH. As outputs, these lines are 
compatible with standard TTL and may also be used as 
a source of up to 1 mA at 1.5 V to drive the base of a 
transistor switch directly. 

Interrupt Input <CAi and CBi), Pins 18, 40 — Interrupt 
input lines CAi and CBi are input-only lines that set the 
interrupt flags of the control registers. The active 
transition for these signals is also programmed by the 
two control registers. 

Peripheral Control (CA2), Pin 39 — The peripheral control 
line CA2 can be programmed to act as an interrupt input 
or as a peripheral control output. As an output, this line 
is compatible with standard TTL; as an input, the 
internal pull-up resistor on this line represents one 
standard TTL load. The function of this signal line is 
programmed with control register A. 

Peripheral Control (CB2), Pin 19 — Peripheral control line 
CB2 may also be programmed to act as an interrupt 
input or peripheral control output. As an input, this line 
has high input Impedance and is compatible with 
standard TTL. As an output, it is compatible with 
standard TTL and may also be used as a source of up to 
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1 mA at 1.5 V to drive the base of a transistor switch 
directly. This line is programmed by control register B. 

Note 

It is recommended that the co ntrol lin es (CAi, CA2, CBi, CB2) should be 
held in a logic "1" state when RESET is active to prevent setting of 
corresponding interrupt flags in t he con trol register when RESET goes to 
an inactive state. Subsequent to RESET going inactive, a read of the data 
registers may be used to clear any undesired interrupt flags. 

Internal Controls 

There are six locations within the PIA accessible to the 
MPU data bus: two peripheral registers, two data 
direction registers, and two control registers. Selection 
of these locations is controlled by the RSo and RSi 
inputs together with bit 2 in the control register, as 
shown in Table 1. 



Table 1 


Internal Addressing 






RSo 


Control 
Register Bit 




RSi 


CRA.2 


CRB-2 


Location Selected 








1 


X 


Peripheral Register A 











X 


Data Direction Register A 





1 


X 


X 


Control Register A 


1 





X 


1 


Peripheral Register B 


1 





X 





Data Direction Register B 


1 


1 


X 


X 


Control Register B 



X = Don't Care 



Initialization 



A LOW RESET line has the effect of zeroing all PIA 
registers. This sets PAo-PA?, PB0-PB7, CA2 and CB2 as 
inputs, with all interrupts disabled. The PIA must be 
configured during the restart program which follows the 
reset. 

Possible configurations of the data direction and control 
registers are as follows. 

Data Direction Registers (DDRA and DDRB) 

The two data direction registers allow the MPU to 
control the direction of data through each corresponding 
peripheral data line. A data direction register bit set at 
"0" configures the corresponding peripheral data line as 
an input; a "1" results in an output. 



Control Registers (CRA and CRB) 

The two control registers (CRA and CRB) allow the MPU 
to control the operation of the four peripheral control 
lines CAi, CA2, CBi and CB2. In addition, they allow the 
MPU to enable the interrupt lines and monitor the status 
of the interrupt flags. Bits through 5 of the two 
registers are written or read by the MPU when the proper 
chip select and register select signals are applied. Bits 6 
and 7 of the two registers are read only and are modified 
by external interrupts occurring on control lines CAi, 
CA2, CBi or CB2. The format of the control words is 
shown in Table 2. 



Table 2 Control Word Format 




Bit 


CRA 


CRB 


7 


IRQA1 


IRQB1 


6 


IRQA2 


IRQB2 


5 
4 
3 


CA2 Control 


CB2 Control 


2 


DDRA Access 


DDRB Access 


1 



CAi Control 


CBi Control 



Data Direction Access Control Bit (CRA-2 and CRB-2) — 

Bit 2 in each control register (CRA and CRB) allows 
selection of either a peripheral interface register or the 
data direction register when the proper register select 
signals are applied to RSo and RSi. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — The 

four interrupt flag bits are set by active transitions of 
signals on the four interrupt and peripheral control lines 
when those lines are programmed to be inputs. These 
bits cannot be set directly from the MPU data bus and 
are reset indirectly by a read peripheral data operation 
on the appropriate section. 

Control of CAi and CBi Interrupt Input Lines (CRA-0, 
CRB-0, CRA-1, and CRB-1) — The two lowest order bits 
of the control registers are used to control the interrupt 
input lines CAi and CBi. Bits CRA-0 and CRB-0 are used 
to enable the MPU interrupt signals IRQA and IRQB, 
respectively. Bits CRA-1 and CRB-1 determine the active 
transition of the interrupt input signals CAi and CBi (see 
Table 3). 
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Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRAS, CRB-3, CRB-4 and CRB-S) - Bits 3, 4 and 
5 of the two control registers are used to control the CA2 
and CB2 peripheral control lines. These bits determine if 
the control lines will be an interrupt input or an output 
control signal. If bit CRA-5 (CRB-5) is LOW, CA2 (CB2) is 
an interrupt input line similar to CAi (CBi) (see Table 4). 
When CRA-5 (CRB-5) is HIGH, CA2(CB2) becomes an out- 
put signal that may be used to control peripheral data 
transfers. When in the output mode, CA2 and CB2 have 
slightly different characteristics (see Tables 5 and 6). 

Table 3 Control of Interrupt Inputs CAi and CBi 



CRA-1 
(CRB-1) 


CRA-0 
(CRB-0) 


Interrupt Input CAi 
(CBi) 


Interrupt Flag CRA-? 
(CRB.7) 


MPU Interrupt Request IRQA 
(IRQB) 








i Active 


Set HIGH on 1 of CAi 
(CBi) 


Disabled — irqa (IRQBi remains 
HIGH 





1 


i Active 


Set HIGH on i of CAi 
(CBi) 


Goes LOW when the interrupt flag 
bit CRA-7 (CRB-7) goes HIGH 


1 





1 Active 


Set HIGH on t of CAi 
(CBi) 


Disabled — irqa (IROB) remains 
HIGH 


1 


1 


t Active 


Set HIGH on 1 of CAi 
(CBi) 


Goes LOW when the interrupt flag 
bit CRA-7 (CRB-7) goes HIGH 



Notes 

1. t indicates positive transition (LOW-to-HIGH) 

2. I indicates negative transition (l-1IGH-to-LOW) 

3. The interrupt flag bit CRA-7 is cleared by an MPU read of the A data 
register, and CRB-7 is cleared by an MPU read of the B data register. 

4. If CRA-0 (CRB-0) is LOW when an interrupt occurs (interrupt disabled) 
and is later brought HIGH, IRQA (IRQB) occurs after CRA-0 (CRB-0) is 
written to a "1". 



Table 4 Control of CA2 and CB2 as Interrupt Inputs 



CRA-5 
(CRB-5) 


CRA-4 
(CRB-4) 


CRA-3 
(CRB-3) 


Interrupt Input CA2 
(CB2) 


Interrupt Flag CRA-6 
(CRB-6) 


MPU Interrupt Request IRQA 
(IRQB) 











i Active 


Set HIGH on i of CA2 
(CB2) 


Disabled — IRQA (IRQB) remains 
HIGH 








1 


i Active 


Set HIGH on i of CA2 
(CB2) 


Goes LOW when the interrupt flag 
bit CRA-6 (CRB-6) goes HIGH 





1 





t Active 


Set HIGH on t of CA2 
(CB2) 


Disabled — IRQA (IRQB) remains 
HIGH 





1 


1 


t Active 


Set HIGH on 1 of CA2 
(CB2) 


Goes LOW when the interrupt flag 
bit CRA-6 (CRB-6) goes HIGH 



1. t indicates positive transition (LOW-to-HIGH) 

2. I indicates negative transition (HIGH-to-LOW) 

3. The interrupt flag bit CRA-6 is cleared by an MPU read of the A data 
register, and CRB-6 is cleared by an MPU read of the B data register. 

4. If CRA-3 (CRB-3) is LOW w hen a n interr upt occurs (interrupt disabled) 
and is later brought HIGH, IRQA (IRQB) occurs after CRA-3 (CRB-3) is 
written to a "1". 
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Table 5 Control of CB2 as an Output 





CRB.4 


CRB-3 


CB2 


CRB-5 


Cleared 


Set 


1 








LOW on the positive transition of the 
first E pulse following an MPU write 
"B" data register operation. 


HIGH when the interrupt flag bit 
CRB-7 is set by an active transition of 
the CBi signal. 


1 





1 


LOW on the positive transition of the 
first E pulse after an MPU write "B" 
data register operation. 


HIGH on the positive edge of the first 
E pulse following an E pulse that 
occurred while the part was 
deselected. 


1 


1 





LOW when CRB-3 goes LOW as a 
result of an MPU write in control 
register "B". 


Always LOW as long as CRB-3 Is 
LOW. Goes HIGH on an MPU write 
in control register "B" that changes 
CRB-3 to "1". 


1 


1 


1 


Always HIGH as long as CRB-3 is 
HIGH. Cleared when an MPU 
write control register "B" results in 
clearing CRB-3 to "0". 


HIGH when CRB-3 goes HIGH as a 
result of an MPU write into control 
register "B". 



Table 6 Control of CA2 as an Output 



CRAS 


CRA-4 


CRAS 


CA2 


Cleared 


Set 


1 








LOW on negative transition of E after 
an MPU read "A" data operation. 


HIGH when the interrupt flag bit 
CRA-7 is set by an active transition of 
the CAi signal. 


1 





1 


LOW on negative transition of E after 
an MPU read "A" data operation. 


HIGH on the negative edge of the first 
E pulse that occurs during a deselect. 


1 


1 





LOW when CRA-3 goes LOW as a 
result of an MPU write to control 
register "A". 


Always LOW as long as CRA-3 Is 
LOW. Goes HIGH on an MPU write 
to control register "A" that changes 
CRA-3 to "1". 


1 


1 


1 


Always HIGH as long as CRA-3 is 
HIGH. Cleared on an MPU 
write to control register "A" that 
clears CRA-3 to a "0". 


HIGH when CRA-3 goes HIGH as a 
result of an MPU write to control 
register "A". 



Absolute Maximum Ratings 

Supply Voltage -0.3 V, +7.0V 

Input Voltage -0.3 V, 4- 7.0 V 

Operating Temperature Range °C, + 70 °C 

Storage Temperature Range - 55 °C, -1- 1 50 X 

Thermal Resistance 82.5 °C/W 

This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this hig impedance circuit. 
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DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = to ZO^'C 


) unless otherwise noted. 




Symbol 


Characteristic 


IVIin 


Typ 


IVIax 


Unit 


Condition 


VlH 


Input HIGH Voltage 
Enable 
Other Inputs 


Vss +2.4 
Vss +2.0 




Vcc 
Vcc 


V 




ViL 


Input LOW Voltage 
Enable 
Other Inputs 


Vss -0.3 
Vss -0.3 




Vss +0.4 
Vss +0.8 


V 




llN 


Input Leakage Current 
R/W, HhStr, RSo, RSi, GSo, 
GSi,GS2,GAi,GBi, Enable 




1.0 


2.5 


/^A 


ViN = to 5.25 V 


Itsi 


3-State (OFF State) Input Current 
D0-D7, PB0-PB7, GB2 




2.0 


10 


/iA 


ViN = 0.4 to 2.4 V 


ilH 


Input HIGH Current 
PAd-PA7,CA2 


-100 


-250 




J*A 


ViH = 2.4 V 


IlL 


Input LOW Current 
PA0-PA7, CA2 




-1.0 


-1.6 


nfiA 


ViL = 0.4 V 


VOH 


Output HIGH Voltage 
D0-D7 


Vss +2.4 






V 


iLoad = -205/aA, Enable 
pulse width <25 fis 


Other Outputs 


Vss +2.4 






V 


iLoad = -100/iA, Enable 
pulse width <25 ^ts 


Vol 


Output LOW Voltage 






Vss +0.4 


V 


lioad = 1.6 mA, Enable 
pulse width <25 /aS 


lOH 


Output HIGH Current (Sourcing) 
D0-D7 
Other Outputs 


-205 
-100 






/.A 


VoH = 2.4 V 


PB0-PB7, CB2 


-1.0 


-2.5 


-10 


mA 


Vq = 1.5 V, the current 
for driving other than 
TTL, e.g.. Darling base 


lOL 


Output LOW Current (Sinking) 


1.6 






mA 


Vol = 0.4 V 


Iloh 


Output Leakage Current (OFF State) 
IRQA, IRQB 




1.0 


10 


^A 


VoH = 2.4 V 


Pd 


Power Dissipation 






650 


mW 




Gin 


Input Capacitance 
Enable 
D0-D7 

PA0-PA7, PB0-PB7, CA2, CB2 
R/W, RESET, RSo, RSi, CSo, 
CSi, CS2, CAi, CBi 






20 

12.5 

10 

7.5 


PF 


ViN = 0,Ta = 25 -C, 
f^ 1.0 MHz 


CouT 


Output Capacitance 
IRQA, IRQB 
PB0-PB7 






5.0 
10 


PF 


ViN = 0,Ta = 25'C 
f = 1.0 MHz 
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AC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = to 70X unless otherwise noted. 


Symbol 


Characteristic 


Min 


Typ 


IVIax 


Unit 


Condition 


tpDSU 


Peripheral Data Set-up Time 


200 






ns 


Figure 1 


tCA2 


Delay Time, Enable Negative Transition 
to CA2 Negative Transition 






1.0 


/*s 


Figures 2, 3 


tRS1 


Delay Time, Enable Negative Transition 
to CA2 Positive Transition 






1.0 


^s 


Figure 2 


tr, tf 


Rise and Fall Times for CAi and CA2 Input Signals 






1.0 


fiS 


Figure 3 


tRS2 


Delay Time from CAi Active Transition 
to CA2 Positive Transition 






2.0 


/xS 


Figure 3 


tPDW 


Delay Time, Enable Negative Transition 
to Peripheral Data Valid 






1.0 


liS 


Figures 4, 5 


tCMOS 


Delay Time, Enable Negative Transition 
to Peripheral CMOS Data Valid 
PA0-PA7, CA2 






2.0 


fiS 


Vcc -30% Vcc, 

Figure 4; 

Figure 12, Load C 


tCB2 


Delay Time, Enable Positive Transition 
to CB2 Negative Transition 






1.0 


fiS 


Figures 6, 7 


tDC 


Delay Time, Peripheral Data Valid to 
CB2 Negative Transition 


20 






ns 


Figure 5 


tf^S1 


Delay Time, Enable Positive Transition 
to CB2 Positive Transition 






1.0 


(iS 


Figure 6 


tr, tf 


Rise and Fall Time for CBi and CB2 
Input Signals 






1.0 


lis 


Figure 7 


tRS2 


Delay Time, CBi Active Transition to 
CB2 Positive Transition 






2.0 


fiS 


Figure 7 


tiR 


Interrupt Release Time, IRQA and IRQB 






1.6 


fiS 


Figure 8 


tRL 


RESET LOW Time 


2.0 






lis 


Figure 9, Note 1 




Note 1. The RESET line must be HIGH a minimum of 1.0 ;xs before addressing the PIA. 
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Bus Timing Cliaracteristics 
Read Figures 10 andi 12 


Symbol 


Characteristic 


IVIin 


Typ 


Max 


Unit 


tcycE 


Enable Cycle Time 


1.0 






fiS 


PWeh 


Enable Pulse Width, HIGH 


0.45 




25 


fiS 


PWel 


Enable Pulse Width, LOW 


0.43 






fiS 


tAS 


Set-up Time, Address and R/W Valid to Enable Positive Transition 


160 






ns 


tODR 


Data Delay Time 






320 


ns 


tH 


Data Hold Time 


10 






ns 


tAH 


Address Hold Time 


10 






ns 


tEr, tEf 


Rise and Fall Time for Enable Input 






25 


ns 


Write Figures 11 and 12 


tcycE 


Enable Cycle Time 


1.0 






lis 


PWeh 


Enable Pulse Width, HIGH 


0.45 




25 


ixs 


PWel 


Enable Pulse Width, LOW 


0.43 






fiS 


tAS 


Set-up Time, Address and R/W Valid to Enable Positive Transition 


160 






ns 


tosw 


Data Set-up Time 


195 






ns 


tH 


Data Hold Time 


10 






ns 


tAH 


Address Hold Time 


10 






ns 


tEr, tEf 


Rise and Fall Time for Enable Input 






25 


ns 



Fig,1 


Peripheral Data Set-up Time 
(Read Mode) 


PAo-PAr 
PB0PB7 


\ yF 2.0 V 
/Vosv 




— *►! tPDSU I-*— 


E 


/"■ \ 



Fig. 2 CA2 Delay Time 

(Read Mode; CRA-5 = CRA-3 = 1, CRA-4 ::> 0) 



*Assumes part was deselected during any previous E pulse. 
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Fig. 3 CA2 Delay Time 

(Read Mode; CRA-S = 1, CRA-3 = CRA-4 = 0) 



F6820 



-e ^■ 



X2.0V 
0.8 V 




Fig. 4 Peripheral CMOS Data Delay Times 

(Write Mode; CRA-5 = CRA-3 = 1, CRA-4 = 0) 



= \ 


0.4 V 




/ 


\ 


tCMOS — ► 
tPWD 




lI — 


Vcc - 30% Vcc 




X 




PA0PA7 
CA2 


2.4 V 
0.4 V 







Fig. 6 CB2 Delay Time 

(Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 



*Assumes part was deselected during the previous E pulse. 



Fig. 5 Peripheral Data and CB2 Delay Times 

(Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 






Note CB2 goes LOW as a result of the positive transition of the E pulse. 



Fig. 7 CB2 Delay Time 

(Write Mode; CRB-5 = 1, CRB-3 = CRB-4 = 0) 



2.0 
0.8 







*Assunnes part was deselected during the previous E pulse. 
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Fig. 8 Interrupt Release Time 



IRQA (IRQB) 



Fig. 9 RESET LOW Time 



*The RESET line must be at Vih for a minimum of 1.0 iis before 
addressing the PIA. 



Fig. 10 Bus Read Timing Characteristics 
(Read Information from PIA) 



X: 



tEr— ► 

-tDDR 



.OV 
,8 V 



X 



1-^— tAH 






Fig. 11 Bus Write Timing Characteristics 
(Write Information into PIA) 



|- *-tAS- 

X2.0V 
_0£V_ 



X 



\^ tAH 

l^tH 






Fig. 12 Bus Timing Test Loads 



LOAD A 
Do-D7, PA0PA7, PBo-PB?, CA2, CB2) 



LOADB 
(IRQ ONLY) 



LOADC 
(CMOS LOAD) 



TEST POINT •■ 




5.0 V TEST POINT - 



— • ^AAr 

i 100 pF 



3k 
W\ 5.0 V 



:=p 3 



C = 130 pF for D0-D7 

= 30 pF for PA0-PA7, PB0-PB7, CA2, and CB2 

R = 11.7 l<fifor D0-D7 

= 24 kfi for PA0-PA7, PB0-PB7, CA2 and CB2 
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Ordering Information 



Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6820P,S 


0°C to +70°C 



S = Ceramic DIP 
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F6821/F68A21/F68B21 
Peripheral Interface Adapter 
(PIA) 



Microprocessor Product 



Description 

The F6821 Peripheral Interface Adapter (PIA) provides a 
universal means of interfacing peripheral equipment to the 
F6800 microprocessing unit (MPU). This device is capable 
of interfacing the MPU to peripherals through two 8-bit 
bidirectional data buses and four control lines, in three 
speed ranges: 1.0 MHz (F6821), 1.5 MHz (F68A21), and 2.0 
MHz (F68B21). No external logic is required for interfacing 
to most peripheral devices. 

The functional configuration of the PIA is programmed by 
the MPU during system initialization. Each of the peripheral 
data lines can be programmed to act as an input or output, 
and each of the four control/interrupt lines may be 
programmed for one of several control modes. This allows 
a high degree of flexibility in the overall operation of 
the interface. 

• 8-Blt Bidirectional Data Bus for Communication with 
the MPU 

• Two Bidirectional 8-Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually Controlled Interrupt Input Lines, Two 
Usable as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral 
Operation 

• High-Impedance 3-State and Direct Transistor Drive 
Peripheral Lines 

• Program-Controlled Interrupt and Interrupt Disable 
Capability 

• CMOS Drive Capability on Section A Peripheral Lines 

• Two-TTL Drive Capability on All A- and B-Section Buffers 

• TTL-Compatible 

• Static Operation 



Logic Symbol 














2 3 4 5 6 7 

1 1 1 1 II 


8 9 10 11 

1 


12 13 14 15 16 17 

1 






PAo PAl PA2 PA3 PA4 PAs PA6 PA7 PBo PBl PB2 PB3 PB4 PB5 PB6 PB7 




36 


RSo 










RSi 








22 


CSo 








24 


(VMA)CSi 








23— O 


CS2 








25 

21 


E 
R/W 


F6821 


IRQ A 
IRQB 


0—38 
0—37 


40 


CAi 








39 


CA2 










CBi 








19 


CB2 








34— O 


RESET 










Do Di 


D2 D3 D4 D5 


D6 D7 






1 1 1 




33 32 


31 30 29 28 


27 26 


Vcc = Pin 20 






Vss = Pin 1 






Connection Diagram 






40-Pin DIP 










VssC 


1 • 


"~vy~ 


40 


13 CA, 


PAod 


2 




39 


ZJCAj 


pail: 






38 


::3iRQA 


PAad 






37 


iiJiRQB 


pAaiz: 






36 


ZJRSo 


PA4L:: 






35 


ZJ^s, 


pAsLZ 






34 


::3 RESET 


pAec::: 






33 


Zl^o 


PA7LI 






32 


ZID1 


pBoc:: 


10 




31 


ZID2 


PB^C 


11 




30 


ZID3 


PB^CZ 


12 




29 


Z1D4 


PB3C 


13 




28 


ZJOs 


PB4I1: 






27 


13 De 


pBsc: 






26 


Z1D7 


PBeC 






25 


IDE 


PBrlZ 






24 


Zlcs, 


cB^ii: 






23 


Z]CS2 


CB2CI 






22 


13 CSo 


Vccd 


20 




21 


^R/W 






(Top View) 
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Block Diagram 






D4- 

D7- 



DATA BUS 

BUFFERS 

(DBB) 



21 



m 



c 



CONTROL 

REGISTER A 

(CRA) 



h. 






BUS INPUT 

REGISTER 

(BIR) 



OUTPUT BUS 



X> 



CSo- 
CSi- 

cs^- 

RSo- 

RSi- 

R/W- 

ENABLE- 

RESET- 



CHIP 

SELECT 

AND 

R/W 

CONTROL 



OUTPUT 

REGISTER A 

(ORA) 



^ 



OUTPUT 

REGISTER B 

(ORB) 



^ 



^ 



^ 



CONTROL 

REGISTER B 

(CRB) 



INTERRUPT: 

STATUS 
CONTROL A 



-CAi 
► CAo 



DATA DIRECTION 

REGISTER A 

(DDRA) 



IZ 



PERIPHERAL 
INTERFACE 



PERIPHERAL 
INTERFACE 



2 



►PAo 
►PAi 
.PA2 
►PA3 
- PA4 
►PA5 
-PAg 



. PB2 
- PB3 



DATA DIRECTION 

REGISTER B 

(DDRB) 



INTERRUPT 

STATUS 
CONTROL B 



PIA/MPU Interface Signals 

The PIA interfaces to the F6800 MPU with an 8-bit 
bidirectional data bus, three chip select lines, two register 
select lines, two interrupt request lines, a read/write line, 
an enable line, and a reset line (see Figure 1). These 
signals, in conjunction with the F6800 VMA output, pernriit 
the MPU to have complete control over the PIA. The 
VMA output should be utilized in conjunction with an MPU 
address line into a chip select of the PIA. 



Data Bus (Dq - D7), Pins 26-33 

The bidirectional data lines allow the transfer of data 
between the MPU and the PIA. The data bus output drivers 
are 3-state devices that remain in the high-impedance 
(OFF) state, except when the MPU performs a PIA read 
operation. The read/write (R/W) line is in the read (HIGH) 
state when the PIA is selected for a read operation. 
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Fig. 1 PIA Bus Interface 



/\ 



C 



/\ 



^ 



=> 



o 



V" V \7 

DATA ADDRESS BUS 
BUS BUS CONTROL 



Da- 
D3- 
D4- 
D5- 
De- 
D7- 

RSo- 
RSi- 
CSo- 



CS2- 
(VMA) 

CSi- 
E-. 

R/W - 

RESET - 

IRQA- 

IRQB^ 

Vcc- 

Vss- 



'' r 



(SECTION A 
CONTROLS 



DATA DIRECTION REG A 



CONTROL REG A 



DATA DIRECTION REG B 



CONTROL REG B 



- PAo 
► PAi 
■ PAj 
•PA3 
' PA4 



►PBo 
►PBi 

► PBj 
'PB3 
'PB4 
►PB5 
►PBe 

► PB, 



yA K SECTION A 

< > DATA 

\i ^/interface 



yt ^sSECTION B 

\ > DATA 

N KINTERFACE 




• CB2 1 SECTION B 
■ CB, I CONTROLS 



Enable (E), Pin 25 

The enable input pulse is the only timing signal that is 
supplied to the PIA. Timing of all other signals is 
referenced to the leading and trailing edges of the E pulse. 
This signaJ is normally a derivative of the 02 F6800 clock. 

Read/Write (R/W), Pin 21 

This input signal is generated by the MPU to control the 
direction of data transfer on the data bus. A LOW on the 
R/W line enables the input buffers and allows data transfer 
from the MPU to the PIA on the E_signal if the device has 
been selected. A HIGH on the R/W line sets up the PIA for 
a transfer of data to the bus; the PIA output buffers are 
enabled when the proper address and the E pulse 
are present. 



Reset (RESET), Pin 34 



The active -LOW RESET input is used to reset all register bits 
in the PIA to a logic (LOW) state. This line can be used 
as a power-on reset and as a master reset during 
system operation. 

Chip Select (CSq - CS2), Pins 22-24 

These three input signals are used to select the PIA. The 
CSo and GSi lines must be HIGH and GS2 must be 
LOW for selection of the device. Data transfers are 
then performed under control of the enable and read/write 
signals. The device is "deselected" when any of the chip 
select lines is in the inactive state. 

The chip select lines should be stable for the duration of 
the E pulse. 



Register Select (RSq, RSi), Pins 35, 36 

The two register select inputs are used to select the various 
registers within the PIA. These two lines are used in 
conjunction with internal control registers to select a 
particular register that is to be written to or read from. 

The register select lines should be stable for the duration of 
the E pulse while in the read or write cycle. 



Interrupt Request (IRQA, IRQB), Pins 37, 38 

The active-LOW interrupt request inputs act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are open drain (no load device on the chip). 
This permits all interrupt request lines to be tied together 
in a wired-OR configuration. 

Each interrupt request line has two internal interrupt flag 
bits that can cause either line to go LOW. Each flag bit is 
associated with a particular peripheral interrupt line. Four 
interrupt enable bits are also provided in the PIA; these may 
be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU is accomplished by 
a software routine that, on a priority basis, sequentially 
reads and tests the two control registers in each PIA for 
interrupt flag bits that are set. 

The interrupt flags are cleared (set to 0) as a result of an 
MPU read peripheral data operation of the corresponding 
data register. After being cleared, the interrupt flag bit 
cannot be enabled until the PIA is "deselected" during 
an E pulse. The E pulse is used to condition the 
interrupt control lines (CAi, GA2, GBi, GB2). When these 
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lines are used as interrupt inputs, at least one E pulse must 
occur from the inactive edge to the active edge of the 
interrupt input signal to condition the edge sense network. 
If the interrupt flag has been enabled and the edge sense 
circuit has been conditioned properly, the interrupt flag is 
set on the next active transition of the interrupt input pin. 

PIA/Peripheral Interface Signals 

The PIA provides two 8-bit bidirectional data buses and four 
interrupt/control lines for interfacing to peripheral devices. 

Section A Peripheral Data (PAq - PA7), Pins 2-9 

Each of the peripheral data lines is programmed to act 
as an input or output. This is accomplished by setting a 1 
in the corresponding data direction register (DDR) bit for 
those lines that are to be outputs. A in a bit of the DDR 
causes the corresponding peripheral data line to act as an 
input. During an MPU read peripheral data operation, the 
data on peripheral lines programmed to act as inputs 
appears directly on the corresponding MPU data bus lines. 
In the input mode, the internal pull-up resistor on these 
lines represents a maximum of one standard TTL load. 

The data in output register A (ORA) appears on the data lines 
that are programmed to be outputs. A logic 1 written into the 
register causes a HIGH on the corresponding data line, while 
a results in a LOW. Data in ORA may be read by an MPU 
read peripheral data A operation when the corresponding 
lines are programmed as outputs. This data is read properly if 
the voltage on the peripheral data lines is greater than 2.0 V 
for a logic 1 output and less than 0.8 V for a logic output. 
Loading the output lines in such a way that the voltage on 
these lines does not reach full voltage causes the data 
transferred into the MPU during a read operation to differ 
from that contained in the respective bit of output register A. 

Section B Peripheral Data (PBi - PB7), Pins 10-17 

The peripheral data lines in the B section of the PIA can 
be programmed to act as either inputs or outputs in a 
manner similar to the A section lines. However, the output 
buffers driving these lines differ from those driving the A 
section lines, having a 3-state capability that allows them to 
enter a high-impedance state when the peripheral data line is 
used as an input. In addition, data on peripheral data lines 
PBq through PB7 is read properly from those lines 
programmed as outputs even if the voltages are below 2.0 V 
for a HIGH. As outputs, these lines are compatible with 
standard TTL and may also be used as a source of up to 
1 mA at 1 .5 V to drive the base of a transistor switch directly. 

Interrupt Input (CA^, CBi), Pins 18 and 40 

The interrupt input lines are input-only lines that set the 
interrupt flags of the control registers. The active 



transition for these signals is also programmed by the two 
control registers. 

Peripheral Control (CA2, CB2), Pins 39, 19 

Peripheral control line CA2 can be programmed to act as an 
interrupt input or as a peripheral control output. As an 
output, this line is compatible with standard TTL; as an 
input, the internal pull-up resistor on this line represents 
one standard TTL load. The function of this signal line is 
programmed by control register A (ORA). 

Peripheral control line CB2 may also be programmed to 
act as in interrupt input or peripheral control output. As an 
input, this line has high input impedance and is compatible 
with standard TTL. As an output, it is compatible with 
standard TTL and may also be used as a source of up to 
1 mA at 1.5 V to drive the base of a transistor switch directly. 
This line is programmed by control register B (ORB). 

It is recommended that the control lines (CAi, CBi, CA2, 
CB2) be held in a logic 1 state when the RESET line is 
active to prevent setting o f corres ponding interrupt flags in 
the control regi ster wh en RESET goes to an inactive state. 
Subsequent to RESET going inactive, a read of the data 
registers may be used to clear any undesired 
interrupt flags. 

Internal Controls 

There are six locations within the PIA that are accessible to 
the MPU data bus: two peripheral registers, two data 
direction registers, and two control registers. Selection of 
these locations is controlled by the register select inputs, 
together with bit 2 in the control register, as shown in Table 1. 

Table 1 Internal Addressing 





RSo 


Control 
Register Bit 




RSi 


CRA-2 


CRB-2 


Location Selected 








1 


X 


Peripheral Register A 











X 


Data Direction Register A 





1 


X 


X 


Control Register A 


1 





X 


1 


Peripheral Register B 


1 





X 





Data Direction Register B 


1 


1 


X 


^ 


Control Register B 



X = Don't Care 



Initialization 

A LOW on the RESET line has the effect of zeroing all PIA 
registers. This sets PAq - PA7, PBq - PB7, CAg, and CB2 
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as inputs and disables all interrupts. The PIA must be 
configured during the restart program that follows the reset. 

Register Operation 

Possible configurations of the data direction and control 
registers are as follows: 

Data Direction Registers (DDRA, DDRB) 

The two data direction registers allow the MRU to control 
the direction of data through each corresponding peripheral 
data line. A DDR bit set to configures the corresponding 
peripheral data line as an input; a 1 results in an output. 

Control Registers (CRA, CRB) 

The two control registers allow the MRU to control the 
operation of the four peripheral control lines (CAi, CBi, 



CA2, and CB2). In addition, they allow the MRU to enable 
the interrupt lines and monitor the status of the interrupt 
flags. Bits through 5 of the two registers may be written to 
or read from by the MRU when the proper chip select 
and register select signals are applied. Bits 6 and 7 of the 
two registers are read-only and are modified by external 
interrupts occurring on the peripheral control lines. The 
format of the control words is shown in Table 2. 

Table 2 Control Word Format 





7 


6 


5 1 4 1 3 


2 


1 1 


CRA 


IRQA1 


IRQA2 


CA2 Control 


DDRA 
Access 


CAi Control 
















7 


6 


5 14 13 


2 


1 1 


CRB 


IRQB1 


IRQB2 


CB2 Control 


DDRB 
Access 


CBi Control 




Table 3 Interrupt Input Line Control Bits 



CRA-1 
(CRB-1) 


CRA-0 
(CRB-0) 


Interrupt Input 
CAi (CBi) 


Interrupt Flag 
CRA-7 (CRB-7) 


MPU Interrupt 

Request 
IRQA (IRQB) 








i Active 


Set HIGH on i of CAi (CBi). 


Disabled; IRQ remains HIGH. 





1 


1 Active 


Set HIGH on 1 of CAi (CBi). 


Goes LOW when interrupt 
flag bit CRA-7 (CRB-7) goes 
HIGH. 


1 





t Active 


Set HIGH on t of CAi (CBi). 


Disabled; IRQ remains HIGH. 


1 


1 


t Active 


Set HIGH on t of CAi (CBi). 


Goes LOW when interrupt 
flag bit CRA-7 (CRB-7) goes 
HIGH. 



Table 4 Peripheral Control Line Control Bits (CRA-5/CRB-5 LOW) 



CRA-5 
(CRB-5) 


CRA-4 
(CRB-4) 


CRA-3 
(CRB-3) 


Interrupt Input 
CA2 (CB2) 


Interrupt Flag 
CRA-6 (CRB-6) 


MPU Interrupt 

Request 
IRQA (IRQB) 











i Active 


Set HIGH on i CA2 

(CB2). 


Disabled; IRQ remains 
HIGH. 








1 


1 Active 


Set HIGH on i of CA2 

(CB2), 


Goes LOW when interrupt 
flag bit CRA-6 (CRB-6) 
goes HIGH. 





1 





t Active 


Set HIGH on t of CA2 
(CB2). 


Disabled; IRQ remains 
HIGH. 





1 


1 


t Active 


Set HIGH on t CA2 
(CB2). 


Goes LOW when interrupt 
flag bit CRA-6 (CRB-6) 
goes HIGH. 



Notes 

1. 1 Indicates negative transition (HIGH-td-LOWi. 

2. t indicates positive transition (LOW-to-HIGH). 

3. The interrupt flag bit, CRA-7, Is cleared by an MPU read of the A data register, and CRB-7 Is cleared by an MPU read of the B data register. 

4. If CRA-0 (CRB-0) Is LOW when an interrupt occurs (Interrupt disabled) and is later brought HIGH, IRQA (IRQB) occurs after CRA-0 (CRB-0) Is written to a 1. 
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Data Direction Access Control Bit (CRA-2, CRB-2) 

Bit 2 in each control register allows selection of either a 
peripheral interface register (PIR) or the DDR when 
the proper register select signals are applied to RSo 
and RSi. 

Interrupt Flag Control Bits (CRA-6, CRA-7, CRB-6, CRB-7) 

The four interrupt flag bits are set by active transitions of 
signals on the four interrupt and peripheral control lines 
when those lines are programmed to be input lihes. These 
bits cannot be set directly from the MPU data bus and are 
reset indirectly by a read peripheral data operation on the 
appropriate section. 

Interrupt Input Line Control Bits (CRA-0, CRA-1, CRB-0, 
CRB-1) 

The two lowest-order bits of the control registers are used 
to control interrupt input lines CAi and CBi. Bits CRA-0 



and CRB- are used to enable MPU interrupt signals IRQA 
and IRQB, respectively. Bits CRA-1 and CRB-1 determine 
the active transition of the interrupt input signals 
(see Table 3). 

Peripheral Control Line Control Bits 

(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, CRB-5) 

Bits 3, 4, and 5 of the two control registers are used to control 
the CA2 and CBg peripheral control lines. These bits 
determine if the control lines act as interrupt inputs or as 
control outputs. If bit CRA-5 (CRB-5) is LOW, CA2 (CB2) is 
an interrupt input line similar to CAi (CB-|) (see Table 4). 
When CRA-5 (CRB-5) is HIGH, CA2 (CB2) becomes an 
output that may be used to control peripheral data transfers. 
When in the output mode, CA2 and CB2 have slightly 
different characteristics (see Table 5 and Table 6). 



Table 5 Control of CA2 as an Output 





CRA-4 


CRA-3 


CA2 


CRA-5 


Cleared 


Set 


1 








LOW on the negative transition of E after an 
MPU read data register A operation. 


HIGH when interrupt flag bit CRA-7 is set by an 
active transition of the CAi signal. 


1 





,1 


LOW on the negative transition of E after an 
MPU read data register A operation. 


HIGH on the negative edge of the first E pulse that 
occurs while the device is deselected. 


1 


1 


" 


LOW when CRA-3 goes LOW as a result of 
an MPU write control register A operation. 


Always LOW as long as CRA-3 is LOW. Goes 
HIGH on an MPU write control register A 
operation that changes CRA-3 to 1. 


1 


1 


1 


Always HIGH as long as CRA-3 is HIGH. 
Cleared on an MPU write control register A 
operation that clears CRA-3 to 0. 


HIGH when CRA-3 goes HIGH as a result of an 
MPU write control register A operation. 


Table 6 Control of CB2 as an Output 




CRB-4 


CRB-3 


CB2 


CRB-5 


Cleared 


Set 


1 








LOW on the positive transition of the first E 
pulse following an MPU write data register 
B operation. 


HIGH when interrupt flag bit CRB-7 is set by an 
active transition of the CBi signal. 


1 





1 


LOW on the positive transition of the first E 
pulse after an MPU write data register B 
operation. 


HIGH on the positive edge of the first E pulse 
following an E pulse that occurred while the 
device was deselected. 


1 


,1 





LOW when CRB-3 goes LOW as a result of an 
MPU write control register B operation. 


Always LOW as long as CRB-3 is LOW. Goes 
HIGH on an MPU write control register B 
operation that changes CRB-3 to 1. 


1 


1 


1 


Always HIGH as long as CRB-3 is HIGH. 
Cleared when an MPU write control reg- 
ister B operation results in clearing CRB-3 to 0. 


HIGH when CRB-3 goes HIGH as a result of an 
MPU write control register B operation. 
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Absolute Maximum Ratings 

Supply Voltage -0.3 V, +7.0 V 

Input Voltage -0.3 V, +7.0 V 
Operating Temperature — Tl to Th 

F6821, F68A21, F68B21 0°C, +70° C 

F6821 C, F68A21 C -40° C, +85° C 

F6821DM -55°C, +125°C 

Storage Temperature Range -55° C, +150° C 

Thermal Resistance 82.5° C/W 



These are stress ratings only, and functional operation at these ratinigs, or 
under any conditions above those indicated in this data sheet, is not implied. 
Exposure to the absolute maximum rating conditions for extended periods of 
time may affect device reliability, and exposure to stresses greater than those 
listed may cause permanent damage to the device. 



DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 



Symbol 


Characteristic 


Min 


Typ 


Max Unit 


Condition 


Bus Co 




So,CSi,ef§-2) 


ntrol Inputs (R/W, RESET, RSq, RSi, C 


VlH 


Input HIGH Voltage 


Vss + 2.0 




Vcc 


V 




ViL 


Input LOW Voltage 


Vss -0.3 




Vss + 0.8 


V 


e 


llN 


Input Leakage Current 




1.0 


2.5 


mA 


ViN = to 5.25 V ■ 


CiN 


Capacitance 






7.5 


PF 


ViN = 0, Ta = 25°C. f =1.0MHz 


Interrupt Outputs (IRQA, IRQB) 


Vol 


Output LOW Voltage 






Vss + 0.4 


V 


iLoad = 3.2 mA 


Iloh 


Output Leakage Current (OFF-State) 




1.0 


10 


mA 


VoH = 2.4 V 


Gout 


Capacitance 






5.0 


pF 


ViN =0, Ta =25°C, f = 1.0MHz 


Data Bus (D0-D7) 


VlH 


Input HIGH Voltage 


Vss + 2.0 




Vcc 


V 




ViL 


Input LOW Voltage 


Vss -0.3 




Vss + 0.8 


V 




Itsi 


3-State (OFF-State) Input Current 




2.0 


10 


mA 


ViN = 0.4to2.4V 


VOH 


Output HIGH Voltage 


Vss + 2.4 






V 


Load = -205 ^A 


Vol 


Output LOW Voltage 






Vss +0.4 


V 


Iload = 1 .6 mA 


CiN 


Capacitance 






12.5 


pF 


ViN = 0. TA = 25°G,f=1.0MHz 


Peripheral Bus (PA0-PA7, PBq-PBt, CA^, CA2, CB^, CB2) 


llN 


Input Leakage Current CAi , CBi 


^ 


1.0 


2.5 


HA 


ViN = to 5.25 V 


Itsi 


3-State (OFF-State) Input Current 
PBo-PB7,CB2 




2.0 


10 


mA 


ViN = 0.4 to 2.4 V 


llH 


Input HIGH Current PA0-PA7, CA2 


-200 


-400 




mA 


VlH = 2.4 V 


lOH 


Darlington Dr. Curr. PB0-PB7, CB2 


-1.0 




-10 


mA 


Vo = 1.5 V 


IlL 


Input LOW Current PA0-PA7, CA2 




-1.3 


-2.4 


mA 


ViL = 0.4 V 


VoH 


Output HIGH Voltage 
PA0-PA7, PB0-PB7, CA2, CB2 
PA0-PA7.CA2 


Vss+2.4 
Vcc -1.0 






V 


lLoad = -200MA 
lLoad = -10/uA 


Vol 


Output LOW Voltage 






Vss +0.4 


V 


iLoad = 3.2 mA 


CiN 


Capacitance 






10 


pF 


ViN = 0,TA = 25°C.f=1.0MHz 


Power Requirements 


Pd 


Power Dissipation 






550 


mW 
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Enable Signal Timing Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 





Characteristic 


F6821 


F68A21 


F68B21 


Unit 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Figure 


tcycE 


Enable Cycle Time 


1000 




666 




500 




ns 


2 


PWeh 


Enable Pulse Width, HIGH 


450 




280 




220 




ns 


2 


PWel 


Enable Pulse Width, LOW 


430 




280 




210 




ns 


2 


tEr.tEf 


Enable Pulse Rise and Fall Times 




25 




25 




25 


ns 


2 



Fig. 2 Enable Signal Timing Characteristics 

- tcycE - 




Bus Timing Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 





Characteristic 


F6821 


F68A21 


F68B21 


Unit 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Figures 


tAS 


Set-Up Time, Address and R/W 
Valid to Enable Positive Transition 


160 




140 




70 




ns 


3,4 


tAH 


Address Hold Time 


10 




10 




10 




ns 


3,4 


tDDR 


Data Delay Time, Read 




320 




220 




180 


ns 


3, 5 


tDHR 


Data Hold Time, Read 


10 




10 




10 




ns 


3,5 


tDSW 


Data Set-Up Time, Write 


195 




80 




60 




ns 


4,5 


tOHW 


Data Hold Time, Write 


10 




10 




10 




ns 


4,5 



Fig. 3 Bus Timing Characteristics (Read from PIA) 



Fig. 4 Bus Timing Characteristics (Write to PIA) 



E 


7 


^2.0 V 
8V 




0.8 V^U 






—^ins ►• 




hI*— 


11: \ 

R/W A 


^0.8V 




ya.ov 

7V- 




2.4 V^ 


-^ 


^ *PHR 


DATA BUS 


£. 


: ;i 


K'" 






0.4 vi 


60.4 V 




l.OyjC ^r-2.0V 
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Peripheral Timing Characteristics Vcc = 5.0 V ±5%, Vss = 


0, Ta = Tl to Th, unless otherwise noted. 








Characteristic 


F6821 


F68A21 


F68B21 


Unit 




Symbol 


Min 


Max 


ly/lin 


Max 


Min 


Max 


Figures 


tPDSU 


Peripheral Data Set-Up Time 


200 




135 




100 




ns 


9 


tPDH 


Peripheral Data Hold Time 

















ns 


9 


tCA2 


Delay Time, Enable Negative Tran- 
sition to CA2 Negative Transition 




1.0 




0.670 




0.500 


MS 


6, 10, 11 


tRSi 


Delay Time, Enable Negative Tran- 
sition to CA2 Positive Transition 




1.0 




0.670 




0.500 


MS 


6, 10 


tr.tf 


Rise and Fall for CAi and CA2 
Input Signals 




1.0 




1.0 




1.0 


MS 


6,11 


tRS2 


Delay Time from CAi Active Tran- 
sition to CA2 Positive Transition 




2.0 




1.35 




1.0 


MS 


6,11 


tPDW 


Delay Time, Enable Negative Tran- 
sition to Peripheral Data Valid 




1.0 




0.670 




0.5 


MS 


6. 12, 13 


tCMOS 


Delay Time, Enable Negative Tran- 
sition to Peripheral CMOS Data 
Valid PA0-PA7, CA2 




2.0 




1.35 




1.0 


MS 


7, 12 


tCB2 


Delay Time, Enable Positive Tran- 
sition to CB2 Negative Transition 




1.0 




0.670 




0.5 


MS 


6, 14, 15 


tDC 


Delay Time, Peripheral Data Valid 
to CB2 Negative Transition 


20 




20 




20 




ns 


6,13 


tRSi 


Delay Time, Enable Positive Tran- 
sition to CB2 Positive Transition 




1.0 




0.670 




0.5 


MS 


6, 14 


PWCT 


Peripheral Control Output Pulse 
Width, CA2/CB2 


550 




550 




550 




ns 


6, 10, 14 


tr.tf 


Rise and Fall Time for CBi and 
CB2 Input Signals 




1.0 




1.0 




1.0 


MS 


15 


tRS2 


Delay Time, CBi Active Transition 
to CB2 Positive Transition 




2.0 




1.35 




1.0 


MS 


6, 15 


tiR 


Interrupt Release Time, 
IRQAand IRQB 




1.60 




1.10 




0.85 


MS 


8,17 


tRS3 


Interrupt Response Time 




1.0 




1.0 




1.0 


MS 


8,16 


PWi 


Interrupt Input Pulse Width 


500 




500 




500 




ns 


16 


tRL 


Reset LOW Time* 


1.0 




0.66 




0.5 




MS 


18 



*The RESET line must be HIGH a minimum of 1.0 jjlS before addressing the PIA. 
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Fig. 5 Bus Timing Test Load 

(D0-D7) 



TEST POINT ^ 






M- 



, IN914 

, OR EQUIVALENT 



Fig. 9 Peripheral Data Set-Up and i-lold Times (Read 
Mode) 



PA0-PA7 
PB0-PB7 



X2.0V 
0£V 



tpDsu r* — 

-/ 0.8 V-c. 



DC 



Fig. 6 TTL Equivalent Test Load 

(PA0-PA7, PB0-PB7, CA2, CB2) 




iN914 

OR EQUIVALENT 



C = 40pF, R = 12k 

Adjust Rl so that li = 3.2 mA 

with Vi = 0.4 V and Vcc = 5.25 V 



Fig. 7 CMOS Equivalent Test Load 

(PA0-PA7, CA2) 



"I3 
I 



Fig. 8 NMOS Equivalent Test Load 

(IRQ ONLY) 

5.0 V 

::3K 

TEST POINT — 

100 pF:^:: 



Fig. 10 CA2 Delay Time (Read Mode; 

CRA-5 = CRA-3 - 1; CRA-4 ^ 0) 




'Assumes part was deselected during the previous E pulse. 



Fig. 11 CA2 Delay Time (Read Mode; 

CRA-5 = 1; CRA-3 = CRA-4 = 0) 



-e^ 



"ih- 



_-H i*-v. 



-e?- 



CA2 



X2.0V 
a8v_ 




Fig. 12 Peripheral CMOS Data Delay Times (Write 
Mode; CRA-5 = CRA-3 = 1 ; CRA-4 = 0) 



\°'v / V 



PA0-PA7 
CA2 



x: 



- Vcc -^0% Vcc 
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Fig. 13 Peripheral Data and CB2 Delay Times (Write Mode; 
CRB-5 = CRB-3 = 1; CRB-4 = 0) 



/ 



PB0-PB7 






*PDW 



Note: 

CB2 goes 
LOW as a 
result of 
the positive 
transition 
of the E pulse. 



-toe - 



CB2 



\ 0.4 



Fig. 14 CB2 Delay Time (Write Mode; CRB-5 = CRB-3 - 1; 
CRB-4 = 0) 



■ / 




\ 


/ 












-«-tCB2 






^tRSl* 




i 




J 


■Hl^—K 


CB2 \ 


^ PWcT 
0.4 V 




A ^ - ' 


* Assumes part was 
the previous E pul 


dese 

36. 


lected during 







Fig. 15 CB2 Delay Time (Write Mode; CRB-5 = 1; CRB-3 
CRB-4 = 0) 



> 2.0 V \ 

! / \ 



-^\ l^tnt, 






-tcB2 



CB2 




"Assumes part was deselected during 
any previous E pulse. 



Fig. 16 interrupt Pulse Width and IRQ Response 
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Fig. 17 IRQ Release Time 
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Ordering Information 


Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6821P, S 
F6821CP, CS 
F6821DM 


0°Cto+70°C 
-40° C to +85° 
-55°Cto+125°C 


1.5 MHz 


F68A21P. S 
F68A21CP, CS 


0°Cto+70°C 
-40° C to +85° C 


2.0 MHz 


F68B21P, S 


0°Cto+70°C 



P = Plastic package, S = Ceramic package 
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F6840/F68A40/F68B40 
Programmable Timer (PTM) 



Microprocessor Product 



Description 

The F6840 is a programmable subsystem component of 
the F6800 family designed to provide variable system 
time intervals. 

The F6840 has three 16-bit binary counters, three 
corresponding control registers and a status register. 
These counters are under software control and may be 
used to cause system interrupts and/or generate output 
signals. The F6840 may be utilized for such tasks as 
frequency measurements, event counting, interval 
measuring and similar tasks. The device may be used 
for square wave generation, gated delay signals, single 
pulses of controlled duration, and pulse width modu- 
lation, as well as system interrupts. 

• Operates From a Single +5V Power Supply 

• Fully TTL-Compatible 

• Single System Clock Required (Enable) 

• Selectable Prescaler on Timer 3 Capable of 4 MHz for the 
F6840, 6 MHz for the F68A40, and 8 MHz for the F68B40 

• Programmable Interrupt (IRQ) Output to MPU 

• Readable Down Counter Indicates Counts to Go to 
Time-Out 

• Selectable Gating for Frequency or Pulse-Width 

Comparison 

• RESET Input 

• Three Asynchronous External Clock and Gate/Trigger 

Inputs Internally Synchronized 

• Three Maskable Outputs 



input 
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Block Diagram 
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Functional Description 

The three timers in the F6840 may be programmed 
independently to operate in modes which fit a wide 
variety of applications. The device is fully bus- 
compatible with F6800 systems and is accessed by load 
and store operations from the MRU in much the same 
manner as a memory device. In a typical application, a 
timer will be loaded by storing two bytes of data into 
an associated counter latch. This data then is transferred 
into the counter during a counter initialization 
cycle. The counter decrements on each subsequent 



clock period, which may be an external clock or Enable 
(System </)2) until one of several predetermined 
conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, controllable by 
external inputs or the MRU program, and accessible by 
the MRU at any time. 

Bus interface 

The programmable timer module (RTM) interfaces to the 
F6800 bus with an 8-bit bidirectional data bus, two Chip 
Select lines, a Read/Write line, an Enable (System 02) 
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line, an Interrupt Request line, an external RESET line, 
and three Register Select lines. These signals, in 
conjunction with the F6800 VMA output, permit the MRU 
to control the PTM. VMA should be utilized in 
conjunction with the MRU address line into a Chip 
Select of the RTM. 

Bidirectional Data (D0-D7) 

The bidirectional Data Lines (D0-D7) allow the transfer of 
data between the MRU and the PTM. The data bus output 
drivers are 3-state devices which remain in the high- 
impedance (OFF) state except when the MRU performs a 
RTM read operation (Read/Write and Enable lines HIGH 
and RTM Chip Selects activated). 

Chip Select (CSo, CSi) 

These two signals are used to activate the data bus 
interface and allow transfer of data from the RTM. With 
CSo = "0" and CSi ="1", the device is selected and 
data transfer will occur. 

Read/Write (R/W) 

This signal is generated by the MRU to control the 
direction of data transfer on the data bus. With the 
RTM selected, a LOW state on the RTM R/W line 
enables the input buffers and data is transferred from 
the MRU to the RTM on the trailing edge of the 
Enable (System_02) signal. Alternately (under the same 
conditions), R/W = "1" and Enable HIGH allows data in the 
RTM to be read by the MRU. 

Enable (E, System 02) 

This signal synchronizes data transfer between the MRU and 
the RTM. It also performs a n equiv alent synchronization 
function on the external Clock, RESET, and Gate inputs of 
the RTM. 

Table 1 Register Selection 



Interrupt Request (IRQ) 

The active LOW Interrupt Request signal is normally 
tied directly (or through priority interrupt circuitry) to 
the IRQ input of the MRU. This is an open drain output 
(no load device on the chip) which permits other 
similar Interrupt Request lines to be tied together in a 
wired-OR configuration. 

The IRQ line is activated if, and only if, the composite 
interrupt flag (bit 7 of the internal status register) is 
asserted. The conditions under which the IRQ line is 
activated are discussed in conjunction with the 
status register. 



External RESET 

A LOW level at this input is clocked into the RTM by the 
Enable (System <^2) input. Two Enable pulses are required 
to synchronize and process the signal. The RTM then 
recognizes the activ e LOW or inactive HIGH on the third 
Enable pulse. If the RESET signal Is asynchronous, an 
additional Enable period is required if set-up times are not 
met. The RESET input must be stable HIGH/LOW for the 
minimum time stated in the AC Characteristics table. 



Recognition of a LOW level at this input by the RTM 
causes the following action to occur: 

a. All counter latches are preset to their maximal 
count values. 

b. All control register bits are cleared with the exception 
of CRI0 (internal reset bit), which is set. 

c. All counters are preset to the contents of the latches. 

d. All counter outputs are reset and all counter clocks 
are disabled. 
All status register bits (interrupt flags) are cleared. 




e 



Register Select Inputs 


operations 


RS2 


RSi 


RSo 


R/W = "0" 


R/W = "1" 











CR2o = "0" Write Control Register 3 
CR2o = "1" Write Control Register 1 


No Operation 








1 


Write Control Register 2 


Read Status Register 





1 





Write MSB Buffer Register 


Read Timer 1 Counter 





1 


1 


Write Timer 1 Latches 


Read LSB Buffer Register 


1 








Write MSB Buffer Register 


Read Timer 2 Counter 


1 





1 


Write Timer 2 Latches 


Read LSB Buffer Register 


1 


1 





Write MSB Buffer Register 


Read Timer 3 Counter 


1 


1 


1 


Write Timer 3 Latches 


Read LSB Buffer Register 
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Register Select Lines (RSo, RSi, RS2) _ 

These inputs are used in conjunction with the R/W line 
to select the internal registers, counters and latches as 
shown in Table 1. 

It has been stated previously that the PTM is accessed 
via MPU load and store operations in much the same 
manner as a memory device. The instructions available 
with the F6800 family of MRUs which perform 
operations directly on memory should not be used 
when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore it to the same address location. Since the PTM 
uses the R/W line as an additional register select input, 
the modified data may not be restored to the same 
register if these instructions are used. 

Control Register 

Three write-only registers in the F6840 are used to 
modify timer operation to suit a variety of applications. 
Control register 2 has a unique address space 
(RSo = "1", RSi="0", RS2 = "0") and therefore may be 
written into any time. The remaining control registers 
(1 and 3) share the address space selected by a 
logic "0" on all register select inputs. The least 
significant bit of control register 2 (CR2o) is used as an 
additional addressing bit for control registers 1 and 3. 
Thus, with all Register Selects and R/W inputs at 
logic "0", control register 1 will be written into if CR2o 
is a logic "0". Control register 3 can also be written into 
after a reset LOW condition has occurred, since all 

Table 2 Control Register Bits 



control register bits (except CRI0) are cleared. 
Therefore, one may write in the sequence 
CR3, CR2. CRi. 

The least significant bit of control register 1 is used as 
an internal reset bit. When this bit is a logic "0", all 
timers are allowed to operate in the modes prescribed 
by the remaining bits of the control registers. Writing a 
"1" into CRI0 causes all counters to be preset with the 
contents of the corresponding counter latches, all 
counter clocks to be disabled, and the timer outputs 
and interrupt flags (status register) to be reset. Counter 
latches and control registers are undisturbed by an 
internal reset and may be written into regardless of the 
state of CRI0. 

The least significant bit of control register 3 is used 
as a selector for a ^8 prescaler, which is available with 
timer 3 only. The prescaler, if selected, is effectively 
placed between the clock input circuitry and the input 
to counter 3. It therefore can be used with either the 
internal clock (Enable) or an external clock source. 

The functions depicted in the foregoing discussions 
are tabulated on the first row in Table 2 for ease 
of reference. 

Control register bits CRI0, CR2o and CR3o are unique in 
that each selects a different function. The remaining bits 
(1 through 7) of each control register select common 
functions, with a particular control register affecting only 



CRI0 Internal Reset Bit 

All timers allowed to operate 

1 All timers held in preset state 



CR2o Control Register Address Bit 

CR3 may be written 

1 CR1 may be written 



CRSo Timer 3 Clock Control 



T3 Clock is not prescaled 
T3 Clock is prescaled by -^8 







cRxr 


1 


Timer X Clock Source 

TX uses external clock source on CX input 

TX uses Enable clock 


CRX2 



1 


Timer X Counting Mode Control 

TX configured for normal (16-bit) counting mode 

TX configured for dual 8-bit counting mode 


CRXs CRX4 CRX5 


Timer X Counter Mode and Interrupt Control (See Table 3) 


CRXe 



1 


Timer X Interrupt Enable 
Interrupt Flag masked on IRQ 
Interrupt Flag enabled to IRQ 


CRX7 



1 


Timer X counter Output Enable 
TX Output masked on output OX 
TX Output enabled on output OX 


* Control Register for timer 1, 2 or 3, [ 


3it 1. 
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its corresponding timer. For example, bit 1 of control 
register 1 (CRI1) selects whether an internal or external 
clock source is to be used with timer 1. Similarly, CR2i 
selects the clock source for timer 2, and CR3i performs 
this function for timers. The function of each bit of 
control register "X" can therefore be defined as shown 
in the remaining section of Table 2. 

Control register bit 2 selects whether the binary 
information contained in the counter latches (and 
subsequently loaded into the counter) is to be treated 
as a single 16-bit word or two 8-bit bytes. In the single 
16-bit counter mode (CR2 = "0"), the counter will 
decrement to zero after N + 1 enabled (G = "0") clock 
periods, where N is defined as the 16-bit number in the 
counter latches. With CRX2 = "1", a similar time-out will 
occur after (L + 1 ) • (M + 1) enabled clock periods, where 
L and M, respectively, refer to the LSB and MSB bytes 
in the counter latches. 

Control register bits 3, 4, and 5 are explained in detail in 
the Timer Operating Modes section. Bit 6 is an interrupt 
mask bit which will be explained more fully in 
conjunction with the status register, and bit 7 is used to 
enable the corresponding timer output. A summary of 
control register programming modes is shown in 
Table 3. 



An individual interrupt flag is also cleared by a write 
timer latches (W) command or a counter initialization 
(CI) sequence, provided that W or CI affects the timer 
corresponding to the individual interrupt flag. 

Counter Latch Initialization 

Each of the three independent timers consists of a 
16-bit addressable counter and 16 bits of addressable 
latches. The counters are preset to the binary numbers 
stored in the latches. Counter initialization results in the 
transfer of the latch contents to the counter. See the 
notes in 7"aib/e 5 regarding the binary number N, L or M 
placed into the latches and their relationship to the 
output waveforms and counter time outs. 

Since the PTM data bus is 8 bits wide and the counters 
are 16 bits wide, a temporary register (MSB buffer 
register) is provided. This write-only register is for the 
most significant byte of the desired latch data. Three 
addresses are provided for the MSB buffer register (as 
indicated in Table 1], but they all lead to the same 
buffer. Data from the MSB buffer will be transferred 
automatically into the most significant byte of timer X 
when a write timer X latches command is performed. So 
it can be seen that the F6840 has been designed to 
allow transfer of two bytes of data into the counter 
latches provided that the MSB is transferred first. 



Status Register/Interrupt Flags 

The F6840 has an internal read-only status register which 
contains four interrupt flags. (The remaining four bits of the 
register are not used, and default to "Os" when being read). 
Bits 0, 1, and 2 are assigned to timers 1, 2, and 3, 
respectively, as individual flag bits, while bit 7 is a 
composite interrupt flag. This flag bit will be asserted if any 
of the individual flag bits is set while bit 6 of the 
corresponding control register is at a logic "1". The 
conditions for asserting the composite interrupt flag bit can 
therefore be expressed as: 

INT = h • CRl6 + I2 • CR26 + I3 • CR36 

where INT = Composite Interrupt Flag (Bit 7) 
h = Timer 1 Interrupt Flag (Bit 0) 

12 = Timer 2 Interrupt Flag (Bit 1) 

13 = Timer 3 Interrupt Flag (Bit 2) 

An interrupt flag js cleared by a timer reset condition; 
i.e., external RESET = "0" or internal reset bit (CRI0) = "1". 
It will also be cleared by a read timer counter command, 
provided that the status register has previously been 
read while the interrupt flag was set. This condition on 
the read status register— read timer counter (RS-RT) 
sequence is designed to prevent missing interrupts 
which might occur after the status register is read, but 
prior to reading the timer counter. 



In the many applications, the source of the data will be 
an F6800 MPU. It should be noted that the 16-bit store 
operations of F6800 family microprocessors (STS 
and STX) transfer data in the order required by the 
PTM. A store index register instruction, for example, 
results in the MSB of the X register being transferred to 
the selected address, then the LSB of the X register 
being written into the next higher location. Thus, either 
the index register or stack pointer may be transferred 
directly into a selected counter latch with a single 
instruction. 



A logic "0" at the RESET input also initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,536io. It is important to note that an internal 
reset (bit zero of control register 1 set) has no effect on 
the counter latches. 

Counter Initialization 

Counter initialization is defined as the transfer of data 
from the latches to the counter with subsequent clearing 
of the individual interrupt flag associated with the 
counter. Counter initialization always occurs when a 
reset condition (RESET) = "0" or CRI0 = "1" is recognized. 
It can also occur — depending on timer mode — with a 
write timer latches command or recognition of a 
negative transition of the gate input. 
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Table 3 Control Register Programmihg 



7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


X 


X 


X 


1 




7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


X 


X 


\ 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 


X 


X 


X 


t 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 











X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 








1 


X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 





1 





X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 





1 


1 


X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





1 


X 


1 








X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 


1 





1 


X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





1 


X 


1 


1 





X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


X 


1 


1 


1 


X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





X 


t 


X 


X 


X 


X 


X 


X 




7 


6 


5 


4 


3 


2 


1 





t 


X 


X 


X 


X 


X 


X 


X 



Register 1 

All timers operate 



Register 2 

Reg #3 may be written 



1 All timers preset 

External Clock (CX Input) 



Reg #1 may be written 



Register 3 

T3 Clk ^ 1 



T3 Clk> 8 



1 Internal Clock (Enable) 

Normal (16-Bit) Count Mode 



Dual 8-Bit Count Mode 

Continuous Operating Mode: Gate 1 or Write to Latches or Reset Causes Counter Initialization 
Frequency Comparison Mode: Interrupt if Gate | [ Jis < Counter Time-Out 

Continuous Operating Mode: Gate i or Reset Causes Counter Initialization 

Pulse Width Comparison Mode: Interrupt if Gate \__ fis < Counter Time-Out 

Single Shot Mode: Gate i or Write to Latches or Reset Causes Counter Initialization 

Frequency Comparison Mode: Interrupt if Gate \ \ ^is > Counter Time-Out 

Single Shot Mode: Gate I or Reset Causes Counter Initialization 

Pulse Width Comparison Mode: Interrupt if Gate i l is > Counter Time-Out 

Interrupt Flag Masked (IRQ) 



1 Interrupt Flag Enabled (IRQ) 
Timer Output Masked 



Timer Output Enabled 



Reset is Hardware or Software Reset (RESET) = or CRio = 1 ) 
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Counter recycling or re-initialization occurs when a 
negative transition of the clock input is recognized after 
the counter has reached an all-"0" state. In this case, 
data is transferred from the latches to the counter. 

Asynchronous Input/Output Lines 

Each of the three timers within the PTM has external 
clock and gate inputs as well as a counter output line. 
The inputs are high impedance, TTL-compatible lines 
and outputs are capable of driving two standard 
TTL loads. 

Clock Inputs (Ci, C2 and C3) 

Input pins Ci, C2 and C3 will accept asynchronous TTL 
voltage level signals to decrement timers 1, 2 and 3, 
respectively. The HIGH and LOW levels of the external 
clocks must each be stable for at least one system 
clock period plus the sum of the set-up and hold times 
for the inputs. The asynchronous clock rate can vary 
from dc to the limit imposed by Enable (System <^2) 
set-up and hold time. 

The external clock inputs are clocked in by Enable 
(System 02) pulses. Three enable periods are used to 
synchronize and process the external clock. The fourth 
Enable pulse decrements the internal counter. This does 
not affect the input frequency, it merely creates a delay 
between a clock input transition and internal recognition 
of that transition by the PTM. All references to C inputs 
in this document relate to internal recognition of the 
input transition. Note that a clock HIGH or LOW level 
which does not meet set-up and hold time specifications 
may require an additional Enable pulse for recognition. 
When observing recurring events, a lack of synchroni- 
zation will result in jitter being observed on the output 
of the PTM when using asynchronous clocks and gate 
input signals. There are two types of jitter. System 
jitter is the result of the input signals being out of 
synchronization with the Enable input (System 4>2), 
permitting signals with marginal set-up and hold time to be 
recognized by either the bit time nearest the input 
transition or the subsequent bit time. 




cycle, and not recognized the next cycle, or vice versa. 

to INPUT 



C3 




PTM 

RECOGNIZES \, 
THIS EDGE 



PTM OR to PTM 



Input jitter can be as great as the time between input 
signal negative going transitions plus the system jitter, if 
the first transition is recognized during one system 



External clock input C3 represents a special case when 
timer 3 Is programmed to utilize its optional -^8 prescaler 
mode. The maximum input frequency and allowable duty 
cycles for this case are specified in the AC Characteristics 
table. The output of the ^8 prescaler is treated in the same 
manner as the previously discussed clock inputs. That is, it 
is clocked into the counter by Enable pulses, is recognized 
on the fourth Enable pulse (provided set-up and hold time 
requirements are met), and must produce an output pulse 
at least as wide as the sum of an enable period, set-up and 
hold times. 

Gate lnputsJGi^G2, GaJ^ 

Input lines Gi, G2 and Ga accept asynchronous 
TTL-compatible signals which are used as triggers or 
clock gating functions to timers 1, 2 and 3, respectively. 
The gating inputs are clocked into the PTM by the 
Enable (System <^2) signal in the same manner as the 
previously discussed Clock inputs. That Is, a Gate 
transition is recognized by the PTM on the fourth 
Enable pulse (provided set-up and hold time require- 
ments are met), and the HIGH or LOW levels of the 
Gate input must be stable for at least one system clock 
period plus the_sum of the set-up and hold times. All 
references to G transition in this document relate to 
internal recognition of the input transition. 

The Gate inputs of all timers directly affect the internal 
16-bit counter. The operation of G3 is therefore 
independent of the -^8 prescaler selection. 

Timer Outputs (O1, O2, O3) 

Timer outputs O1, O2 and O3 are capable of driving up 
to two TTL loads and produce a defined output 
waveform for either continuous or single-shot timer 
modes. Output waveform definition is accomplished by 
selecting either single 16-bit or dual 8-bit operating 
modes. The single 16-bit mode will produce a square- 
wave output in the continuous timer mode and will 
produce a single pulse in the single-shot timer mode. 
The dual 8-bit mode will produce a variable duty cycle 
pulse in both the continuous and single shot timer 
modes. One bit of each control register (CRX7) is used 
to enable the corresponding output. If this bit is cleared, 
the output will remain LOW (Vol) regardless of the 
operating mode. 
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The continuous and single-shot timer modes are the 
only ones for which output response is defined. Signals 
appear at the outputs (unless CRX7 = "0") during 
frequency and pulse width comparison modes, but the 
actual waveform is not predictable in typical applications. 

Timer Operating Modes 

The F6840 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by 
using three bits of each control register (CRX3, CRX4 
and CRX5) to define different operating modes of the 

Table 4 Operating Modes 



Control Register 




CRX3 


CRX4 


CRXs 


Timer Operating Mode 





* 





Continuous 





* 


1 


Single-Shot 


1 





* 


Frequency Comparison 


1 


1 


* 


Pulse Width Comparison 



'Defines additional timer functions 

Table 5 Continuous Operating Modes, (CRX3 = "0", CRX5 



timers. These modes are outlined in Table 4. 

In addition to the four timer modes in Table 4, the 
remaining control register bit is used to modify counter 
initialization and enabling or interrupt conditions. 

Continuous Operating Mode (Table 5) 
Any of the timers in the PTM may be programmed to 
operate in a continuous mode by writing "Os" into 
bits 3 and 5 of the corresponding control register. 
Assuming that the timer output is enabled (CRX7 = "1"), 
either a square wave or a variable duty cycle waveform 
will be generated at the timer output, OX. The type of 
output is selected via control register bit 2. 

Either a timer reset (CRX1o = "1" or External 
RESET = "0") condition or internal recognition of a 
negative transition of the Gate input results in counter 
initialization. A write timer latches command can be 
selected as a counter initialization signal by 
clearing CRX4. 

In the dual 8-bit mode (CRX2 = "1") 1 refer to the 
example in Figure 1\ the MSB decrements once for 
every full countdown of the LSB + 1. When the 



"0") 



Control Register 


Initialization/Output Waveforms 


CRX2 


CRX4 


Counter Initialization 


*Timer Output (OX) (CRX7 = "1") 








Gi + W + R 


Um-{N + 1)(T)-»J-^N + 1)(T).».l-^(N + 1)(T)^. 




1 


Gi + R 


1 , , , , 1 L J V 





1 I 

to TO TO TO 


1 





Gi + W + R 


U^(L + 1)(M + 1)(T)-^J-^(L + 1)(M + 1)(T)-^ 

1 n n:;: 

1 

►! (L)(T) \^ .—►1 (L)(T) \^ 

to TO TO 


1 


1 


Gi + R 



Gi = Negative transition of Gate input 

W - Write Timer Latches Command 

R = Timer Reset (CRI0 = "1" or External RESET = " 

N = 16-Bit Number in Counter Latch 

L =■ 8-Bit Number in LSB Counter Latch 

*AII time intervals shown above assume the Gate (Gi and Clock Ci 
signals are synchronized to Enable (System <^2) with the specified 
set-up and hold time requirements. 



M = 8-Bit Number in MSB Counter Latch 

T = Clock Input Negative Transitions to Counter 

to = Counter Initialization Cycle 

TO ^= Counter Time-Out (All "0" Condition) 



5-122 



F6840/F68A40/F68B40 



Fig. 1 Timer Output Waveforms Example 



EXAMPLE: CONTENTS OF MSB 
CONTENTS OF LSB 



•TIME 
OUT 



counterI 



-M(L + 1) ^ 1- 



ALGEBRAIC EXPRESSION 
03(04 + 1) + 1 = 16 E 



I 



I I 
I I 



miJuuuuiruirLnjuinjiJiriJi^^ 




-2.4 V 
-0.4 V 



(M + 1)(L + 1) = Period 

M(L + 1) + 1 = LOW portion of period 

L = Pulse width 
•Preset LSB and MSB to Respective 

Latches on the negative transition 

of the Enable 
**Preset LSB to LSB Latches and 

Decrement MSB by one on the negative 

transition of the Enable 



ALGEBRAIC EXPRESSION 
(04 + 1)(03 + 1) - 20 E OR 
EXTERNAL CLOCK PULSES 



LSB = "0", the MSB is unchanged; on the next clock 
pulse the LSB is reset to the count in the LSB latches 
and the MSB is decremented by 1 (one). The output, if 
enabled, remains LOW during and after initialization and 
will remain LOW until the counter MSB is all "Os". The 
output will go HIGH at the beginning of the next clock 
pulse. The output remains HIGH until both the LSB and 
MSB of the counter are all "Os". At the beginning of the 
next clock pulse the defined time-out (TO) will occur and 
the output will go LOW. In the normal 16-bit mode 
the period of the output of the example in Figure 1 
would span 1546 clock pulses as opposed to the 
20 clock pulses using the dual 8-bit mode. 

The counter is enabled by an absence of a timer reset 
condition and a logic "0" at the Gate input. The counter 
will then decrement on the first clock signal recognized 
during or after the counter initialization cycle. It 
continues to decrement on each clock signal so long as 
G remains LOW and no reset condition exists. A 
counter time-out (the first clock after all counter 
bits = "0") results in the individual interrupt flag being 
set and re-initialization of the counter. 

A special condition exists for the dual 8-bit mode 
(CRX2 = "1") if L = "0". In this case, the counter will 
revert to a mode similar to the single 16-bit mode, 
except time-out occurs after M + 1 clock pulses. The 



output, if enabled, goes LOW during the counter 
initialization cycle and reverses state at each time-out. 
The counter remains cyclical (is re-initialized at each 
time-out) and the individual interrupt flag is set when 
time-out occurs. If M = L = "0", the internal counters do 
not change, but the output toggles at a rate of 1/2 the 
clock frequency. 

The discussion of the continous mode has assumed that 
the application requires an output signal. It should be 
noted that the timer operates in the same manner with 
the output disabled (CRX7=="0"). A read timer counter 
command is valid regardless of the state of CRX?. 

Single-Shot Timer Mode 

This mode is identical to the continuous mode with three 
exceptions. The first of these is obvious from the 
name — the output returns to a LOW level after the 
initial time-out and remains LOW until another counter 
initialization cycle occurs. The waveforms available are 
shown in Table 6. 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the single-shot mode. Each time-out 
of the counter results in the setting of an individual 
interrupt flag and re-initialization of the counter. 
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Table 6 Single-Shot Operating Modes, (CRX3 = "0", CRX7 = "1", CRXs = "1") 



Control Register 


Initialization/Output Waveforms 


CRX2 


CRX4 


Counter Initialization 


Timer Output (OX) 







Gi + W + R 






J^ (N + 1)(T) ^ 









-^ (N)(T) Bi 








1 


Gi + R 









1 


1 


D 


to 


TO T{ 


1 





Gl + W + R 




.^-(L + 1)(M+1)(T)-^ 
mA (L)(T) 

1 1 


.^-(L + 1)(M + 1)(T)-^ 




1 


1 


Gi + R 






to TO TO 



Symbols are as defined in Table 5 



The second major difference between the single-shot 
and continuous modes is that the internal counter 
enable is not dependent on the Gate input level 
remaining in the LOW state for the single-shot mode. 

Another special condition is introduced in the single- 
shot mode. If L = M = "0" (Dual 8-bit) or N = "0" (Single 
16-bit), the output goes LOW on the first clock received 
during or after counter initialization. The output remains 
LOW until the operating mode is changed or non-"0" 
data is written into the counter latches. Time-outs 
continue to occur at the end of each clock period. 

The three differences between single-shot and 
continuous timer modes can be summarized as 
attributes of the single-shot mode: 

1 . Output is enabled for only one pulse until it is reinitialized. 

2. Counter Enable is independent of Gate. 

3. L = M = "0" or N = "0" disables output. 

Aside from these differences, the two modes 
are identical. 

Frequency Comparison or Period Measurement Mode 
(CRX3 = "1", CRX4 = "0") 

The frequency comparison mode with CRX5 = "1" is 
straightforward. If time-out occurs prior to the first 
negative transition of the Gate input after a counter 
initialization cycle, an individual interrupt flag is set. 
The counter is disabled, and a counter initialization 
cycle cannot begin until the ijiterrupt flag is cleared 
and a negative transition on G is detected. 



Time Interval Modes 

The time interval modes are provided for those 
applications which require more flexibility of interrupt 
generation and counter initialization. Individual interrupt 
flags are set in these modes as a function of both 
counter time-out and transitions of the Gate input. 
Counter initialization is also affected by interrupt 
flag status. 

The output signal is not defined in any of these modes, 
but the counter does operate in either single 16-bit or 
dual 8-bit modes as programmed by CRX2. Other 
features of the time interval modes are outlined 
in Table 7. 

If CRX5 = "0", as shown in Table 7 and Table 8, an 
interrupt is generated if the Gate input returns LOW prior to 
a time-out. If counter time-out occurs first, the counter 
is recycled and continues to decrement. A bit is set 
within the timer on the initial time-out which precludes 
further individual interrupt generation until a new 
counter initiafization cycle has been completed. When 
this internal bit is set, a negative transition of the Gate 
input starts a_new counter initialization cycle. (The 
condition of Gi • I * TO is satisfied, since a time-out has 
occurred and no individual interrupt has 
been generated.) 

Any of the timers within the PTM may be programmed 
to compare the period of a pulse (giving the frequency 
after calculations) at the Gate input with the time period 
required for counter time-out. A negative transition of 
the Gate input enables the counter and starts a counter 
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Table 7 Timer Interval Modes, CRX3 = "1" 



CRX4 


CRX5 


Application 


Condition for Setting Individual Interrupt Flag 








Frequency Comparison 


Interrupt Generated if Gate Input Period (1/F) Is less than 
Counter Time-Out (TO) 





1 


Frequency Comparison 


Interrupt Generated if Gate Input Period (1/F) is greater than 
Counter Time-Out (TO) 


1 





Pulse Width Comparison 


Interrupt Generated if Gate Input "Down Time" is less than 
Counter Time-Out (TO) 


1 


1 


Pulse Width Comparison 


Interrupt Generated if Gate Input "Down Time" is greater than 
Counter Time-Out (TO) 



Table 8 Frequency Comparison Mode, CRX3 = "1", CRX4 = "0" 



Control Register 
Bit 5 (CRX5) 


Counter 
Initialization 


Counter Enable 
Flip-Flop Set (CE) 


Counter Enable 
Flip-Flop Reset (CE) 


Interrupt Flag 
Set (1) 





Gi -T- (CE + TO • CE) + R 


Gl • W • R -7 


W + R+ 1 


Gi Before TO 


1 


Gl • T + R 


Gi • W-R -T 


W+R+ 1 


TO Before Gi 



I represents the interrupt for a given timer. 
Table 9 Pulse Width Comparison Mode, CRX3 = "1", CRX4 = "1" 



Control Register 
Bit 5 (CRX5) 


Counter 
Initialization 


Counter Enable 
Flip-Flop Set (CE) 


Counter Enable 
Flip-Flop Reset (CE) 


Interrupt Flag 
Set (1) 





Gi • T + R 


Gi • W • R -T 


W + R + 1 + G 


Gf Before TO 


1 


Gi •!+ R 


Gi • W • R -T 


W + R + 1 + G 


TO Before Gt 



G = Level sensitive recognition of Gate Input 



initialization cycle — provided that other conditions as 
noted in Table 8 are satisfied. The counter decrements 
on each clock signal recognized during or after counter 
initialization until an interrupt is generated, a write timer 
latches command is issued, or a Timer Reset condition 
occurs. It can be seen from Table 8 that an interrupt 
condition will be generated if CRX5 = "0" and the period 
of the pulse (single pulse or separately measured 
repetitive pulses) at the Gate input is less than the 
counter time-out period. If CRX5 = "1", an interrupt is 
generated if the reverse is true. 

Assume now with CRX5 = "1" that a counter initialization 
has occurred and that the Gate input has returned LOW 
prior to counter time out. Since there is no individual 
interrupt flag generated, this automatically starts a new 
counter initialization cycle. The process will continue 
with frequency comparison being performed on each 
Gate input cycle until the mode is changed, or a cycle 
is determined to be above the predetermined limit. 



Pulse Width Comparison Mode 
(CRX3 = "1", CRX4 = "1") 

This mode is similar to the frequency comparison mode 
except that a positive, rather than negative, transition of 
the Gate input terminates the count. With CRX5 = "0", an 
individual interrupt flag will be generated if the "0" level 
pulse applied to the Gate input is less than the time 
period required for counter time-out. With CRX5 = "1", 
the interrupt is generated when the reverse condition 
is true. 

As can be seen in Table 9, a positive transition of the 
Gate input disables the counter. With CRX5 = "0", it is 
therefore possible to obtain directly the width of any 
pulse causing an interrupt. Similar data for other time 
interval modes and conditions can be obtained, if two 
sections of the PTM are dedicated to the purpose. 



5-125 



F6840/F68A40/F68B40 



Absolute Maximum Ratings 

Supply Voltage -0.3 V, +7.0 V 

Input Voltage -0.3 V, +7.0 V 
Operating Temperature Range — Tl to Th 

F6840P,S/F68A40P,S/F68B40P,S 0° C, +70° C 

F6840CP,CS/F68A40CP,CS -40° C, +85° C 

F6840DL -55° C, +85° C 

F6840DM -55°C, +125°C 

Storage Temperature Range -55° C, +150° C 
Thermal Resistance 

Plastic Package 115°C/W 

Ceramic Package 60° C/W 

Stresses greater than those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted. 



Symbol 


Characteristic 


Signal 


Min 


Typ 


Max 


Unit 


Test Condition 


VlH 


Input HIGH Voltage 




2.0 






V 




ViL 


Input LOW Voltage 




-0.4 




0.8 


V 




llN 


Input Leakage Current 






1.0 


2.5 


mA 


ViN = to 5.25 V 


ITS! 


3-State (OFF State) 
Input Current 


D0-D7 




2.0 


10 


mA 


ViN = 0.4 to 2.4 V 


VOH 


Output HIGH Voltage 


D0-D7 

Other Outputs 


2.4 
2.4 






V 


iLoad = -205 mA, 
iLoad = 200 )uA 


Vol 


Output LOW Voltage 


D0-D7 
O1-O3, IRQ 






0.4 
0.4 


V 


iLoad = 1.6 mA, 
iLoad = 3.2 mA 


Iloh 


Output Leakage Current 
(OFF State) 


(IRQ) 




1.0 


10 


mA 


VoH = 2.4 V 


Pd 


Power Dissipation 






470 


700 


mW 




Gin 


Input Capacitance 


D0-D7 

All Other Inputs 






12.5 
7.5 


PF 


ViN =0, Ta = 25°C, 
f = 1.0 MHz 


Gout 


Output Capacitance 


O1, O2, O3 
IRQ 






10 
5.0 


PF 


ViN=0, Ta = 25°G, 
f = 1.0 MHz 
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Bus Timing Characteristics 
Read (Figure 2) 




Characteristic 


F6840 


F68A40 


F68B40 




Symbol 


Min 


IVIax 


Min 


Max 


IVIin 


Max 


Unit 


tcycE 


Enable Cycle Time 


1.0 


10 


0.666 


10 


0.5 


10 


MS 


PWeh 


Enable Pulse Width, HIGH 


0.45 


4.5 


0.280 


4.5 


0.22 


4.5 


iuS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.280 




0.21 




MS 


tAS 


Set-up Time, Address and R/W 
valid to enable positive transition 


160 




140 




70 




ns 


tDDR 


Data Delay Time 




320 




220 




180 


ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable input 




25 




25 




25 


ns 


Write (Figure 3) 


tcycE 


Enable Cycle Time 


1.0 


10 


0.666 


10 


0.50 


10 


/xS 


PWeh 


Enable Pulse Width, HIGH 


0.45 


4.5 


0.280 


4.5 


0.22 


4.5 


MS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.280 




0.21 




MS 


tAS 


Set-up Time, Address and R/W 
valid to enable positive transition 


160 




140 




70 




ns 


tDSW 


Data Set-up Time 


195 




80 




60 




ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable input 




25 




25 




25 


ns 



Fig. 2 Bus Read Timing Characteristics 

(Read Information from PTM) 



RS,CS,R/W 



^y: 



- *cycE - 



1 2.0 V "^ iy 



■2.0 V 
.0.8 V 



H tAf 

X -0-4vJ) "~ 



-PWel-*H 

0. 8 V. 

-tEf 



Fig. 3 Bus Write Timing Characteristics 

(Write Information into PTM) 



RS, OS, R/W 



. \3 ^ 2.0 V 
^ ^ 0.8 V 



-tcycE- 



7 '• 2.0 V "" ^ 

^C tEr J^li 



X 



2.0 V 
0.8 V 






5-127 



F6840/F68A40/F68B40 



AC Characteristics (Figures 4-8} 




Characteristic 


F6840 


F68A40 


F68B40 




Symbol 


Min 


Max 


Min 


IVIax 


Min 


Max 


Unit 


tr. tf 


Input Rise and Fall Times 


C.G and RESET 




1.0* 




0.666* 




0.500* 


MS 




Input Pulse Width LOW 




tcycE 

+tsu 

+thd 




tcycE 

+tsu 

+thd 




tcycE 

+tsu 

+thd 






PWl 


C.G and RESET 


ns 


PWh 


Input Pulse Width HIGH 


C,G 


tcycE 

+tsu 

+thd 




tcycE 

+tsu 

+thd 




tcycE 

+tsu 

+thd 




ns 


tsu 


Input Set-up Time 
(Synchronous Mode) 


C^G and RESET 

03 (^8 Prescaler Mode only) 


200 




120 




75 




ns 


thd 


Input Hold Time 
(Synchronous Mode) 


0,G and RESET 

03 (-^8 Prescaler Mode only) 


50 




50 




50 




ns 


tco 
tcm 
tcmos 


Output Delay, 01-03 
(VoH = 2.4 V, Load B) 
(VoH = 2.4 V, Load D) 
(VoH = 0.7 Vdd, Load D) 


TTL 

MOS 

CMOS 




700 
450 
2.0 




460 
450 
1.35 




340 
340 
1.0 


ns 
ns 

MS 


tiR 


Interrupt Release Time 




1.2 




0.9 




0.7 


MS 



tr and tf < 1 X Pulse Width or 1.0 ^s, whichever is smaller. 



Fig. 4 Input Pulse Width Low 



Fig. 7 Output Delay 



G1-G3 



-PWl- 



J r- 0-8 V -1 ^ 



J V 



Fig. 5 Input Pulse Width High 



G1-G3- 






\ 



"•CO, 'cm, tcmos 



Fig. 8 IRQ Release Time 

^ ^^0.4V 



Fig. 6 Input Set-up and Hold Times 

-2.0 V 
■ 0.8 V 




tsu 



7 



— s.^ — Y 



C1-C3, G i -G3, 
RESET 
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Fig. 9 Bus Timing Test Loads 



Load A 

(D0-D7) 



TEST POINT •■ 




Ordering Information 



Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6840P,S 
F6840CP,CS 
F6840DL 
F6840DM 


0°Cto+70°C 
-40°Cto+85°C 
-55°Cto+85°C 
-55°Cto+125°C 


1.5 MHz 


F68A40P,S 
F68A40CP,CS 


0°C to+70°C 
^0°Cto+85°C 


2.0 MHz 


F68B40P,S 


0°C to+70°C 



P = Plastic package, S = Ceramic package 



TEST POINT » 



40 pF :;*;: 



Load B 
(Oi,02, O3) 



Vcc OF DEVICE UNDER TEST 




JLoadC 
(IRQ Only) 



TEST POINT (I 



100 pF :=p: 



LoadD 
(CMOS Load) 



?fc30pF 
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F6844 

Direct Memory Access 

Controller 



Microprocessor Product 



Description 

The F6844 Direct Memory Access Controller (DMAC) 
transfers data directly between memory and peripheral 
device controllers. In bus-organized systems, such as 
those based on the F6800 microprocessor, the DMAC, 
rather than the MPU, controls the address and 
data buses. 

The DMAC bus interface includes select, read/write, 
interrupt, transfer request/grant, and bus interface logic 
to permit data transfer over an 8-bit bidirectional data 
bus. The F6844 functional configuration Is programmed 
through the data bus. The internal structure provides for 
control and handling of four individual channels, each of 
which is separately configured. Programmable control 
registers provide control for the transfer location and 
length, individual channel control and transfer mode 
configuration, priority of servicing, data chaining, and 
interrupt control. Status and control lines serve the 
peripheral controllers. 

The mode of transfer for each channel can be 
programmed as cycle-stealing or burst transfer. 

Typical applications include use with the F6856 
Synchronous Protocol Communications Controller, the 
F6854 Advanced Data Link Controller, and the F68488 
IEEE-488 Bus Controller. 

• Four DMA Channels, Each Having a 16-Blt Address 
Register and a 16-Bit Byte Count Register 

• 2M Byte/Sec Maximum Data Transfer Rate 

• Selection of Fixed or Rotating Priority Service Control 

• Separate Control Bits for Each Channel 

• Data Chain Function 

• Address Increment or Decrement Update 

• Programmable interrupts and DMA End to Peripheral 
Controllers 



Connection Diagram 








40.Pin DIP 








vss C 


1. ^ 


40 


3e 


C5/TxAKB C 


2 


39 


H RK 


R/W C 


3 


38 


3 DQRNT 


AoC 


4 


37 


3 ORQT 


AlC 


5 


36 


Jl DRQH 


A2C: 


6 


35 


3 TxAKA 


A3C 


7 


34 


U TISTB 


A. C 


8 


33 


ZX ira/BCNB 


AsC 


9 


32 


3 TxRQo 


AeC 


10 


31 


13 TxRQi 


ArC 


11 


30 


3 TxRQa 


A«C 


12 


29 


Z2 TxRQa 


A9C: 


13 


28 


UDo 


A10 c 


14 


27 


3Dl 


A11C 


15 


26 


IID2 


A12 c 


16 


25 


IID3 


Ai3 C 


17 


24 


IID4 


Al4 C 


18 


23 


IIDS 


AlS C 


19 


22 


3D6 


Vdd C 


20 


21 


3Dr 




(Top View) 








F6844 Signal Functions 
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A2 
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CS/TxAKB 
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DRQT 
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IRQ/DEND 






As 


E 






Ae 
Ar 
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Functional Description 

The DMAC has 15 addressable registers, of which eight 
are 16 bits in length (see Figure 1). Each channel has a 
separate address register and a byte count register, each 
of which is 16 bits. There are four channel control 
registers with three common general control registers 
(priority, interrupt, and data chain). 

To prepare a channeJ for direct memory access (DIVIA), 
the address registers must be loaded with the starting 
memory address and the byte count register loaded with 
the number of bytes to be transferred. The bits in the 
channel control register establish the direction of the 
transfer, the mode, and the address increment or 
decrement after each cycle. Each channel can be set for 
one of three transfer modes: three-state control (TSC) 
steal, halt steal, or halt burst. Two read-only status bits 
in the channel control register Indicate when the channel 
is busy transferring data and when the DMA transfer 
is complete. 

The priority control register enables the transfer requests 
from the peripheral controllers and establishes either a 
fixed priority or rotating priority scheme of servicing 
these requests. When the DMA transfer for a channel is 
complete (the byte count register is zero), a DMA end 



(DEND) signal is directed to the peripheral controller and 
an interrupt request (IRQ) goes to the MPU. T he Interrup t 
control register enables these Interrupts; the IRQ/DEND 
flag bit is read from this register. 

Chainihg of data transfers is controlled by the data chain 
register. When enabled, the contents of the address and 
byte count registers for channel 3 are put into the 
registers of the channel selected for chaining as Its byte 
count register becomes zero. This allows for repetitively 
reading or writing a block of memory. 

During the DMA mode, the DMAC controls the address 
bu^and data bus for the system as well as provides the 
R/W line and a signal to be used as valid memory 
address (VMA). When a peripheral device controller 
desires a DMA transfer, it issues a transfer request. 
Assuming this request is enabled and meets the test of 
highest priority, the DMAC issues a DMA request. When 
the DMAC receives the DMA grant (DGRNT) input, it 
gives a transfer acknowledge (TxAKA or TxAKB) to the 
peripheral device controller, at which time the data is 
transferred. When the channel b yte cou nt register equals 
zero, the transfer is complete, a DEND is given to the 
peripheral device controller, and an IRQ is given 
to the MPU. 
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Fig. 1 Block Diagram 



IVW Ao Ai A2 A3 A4 As Ae A7 As A9 A10 An A12 A13 Ai4 A15 ifRS/CERD 
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1 iiimiiiimm i 
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Signal Descriptions 

The F6844 input and output signals are described 
in Table 1. 

Table 1 F6844 Signal Functions 



IVInemonic 


Pin No. 


Name 


Description 


Address 

Ao"-A4 

A5-A15 


4-8 
9-19 


Address 
Address 


In the MRU mode, the signals are high-impedance inputs used 
to address the DMAC registers. In the DMA mode, these 
outputs are set to the contents of the address register for the 
channel being processed. 

These output lines are in the high-impedance state during the 
MRU mode. In the DMA mode, these lines are outputs that are 
set to the contents of the address register for the channel 
being processed. 


Data 

D0-D7 


28-21 


Bidirectional Data 


The eight bidirectional lines provide data transfer between the 
DMAC and the MRU. The data bus output drivers are three-state 
devices that remain in the high-impedance state except when 
the MRU performs DMAC read operations. 


Control 

CS/TxAKB 

DGRNT 


2 

38 
36 


Chip Select/ 
Transfer 
Acknowledge B 

DMA Grant 

DMA Request 
Halt Steal 


This signal is an output in the four-channel mode during the 
DMA transfer. At all other times, it is a high-impedance, TTL- 
compatible inpuUised to address the DMAC. The DMAC is 
selected when CS/TxAKB is low. Valid memory address (VMA) 
must be used in generating this Input to prevent false selects. 
Transfers of data to and from the DMAC are then controlled by 
the E, read/write, and A0-A4 address lines. In the four-channel 
mode, when TxAKB is needed, the CS gate must have an open- 
collector output (a pull-up resistor should not be used). In the 
two-channel mode, CS/TxAKB is always an input. 

A high-impedance input signal to the DMAC, providing control 
of the system buses. In the three-state control (TSC) steal 
mode, the signal comes from the system clock drive circuit 
(DMA grant), indicating that the clock is being stretched. For 
the halt steal or halt burst mode, this signal is the bus available 
(BA) from the MRU, indicating that the MRU has halted and 
transferred control of its buses to the DMAC. For a design 
involving TSC steal and halt mode transfers, this input must be 
the logical OR of the clock-driven DMA grant and the MRU BA. 


DRQH 


This active-low output requests a DMA transfer for a channel 
programmed for the halt steal or halt burst transfer mode. The 
signal is connected directly to the MRU HALT input and 
remains low until the last byte transfer has begun. 
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Table 1 F6844 Signal Functions (Cont.) 



Mnemonic 


Pin No. 


Name 


Description 


DRQT 


37 


DMA Request 
Three-State 
Control Steal 


This active-low output requests a DMA transfer for a channel 
configured for the TSC steal transfer mode. The signal is 
connected to the system clock driver, requesting a 01 clock 
stretch. It remains in the low state until the transfer has begun. 


E 


40 
33 


Direct Memory 
Access 

Interrupt Request/ 
DMA End 


The DMAC register I/O transfers, channel request line sampling, 
and gating of other control signals to the system are done 
Internally in conjunction with the E high-impedance input. 
This input must be the system memory clock (a nonstretched 
E clock). 


IRQ/DEND 


A TTL-compatible, active-low output used to interrupt the MRU 
and to signal the peripheral controller that the data block 
transfer has ended. If the interrupt has been enabled, the 
IRQ/DEND line goes low after the last DMA cycle of a transfer. 
An open-collector gate must be connected to DGRNT and 
IRQ/DEND to prevent false interrupts from the DEND signal 
when interrupts are not enabled. 


RES 


39 


Reset 


The RES input resets the DMAC from an external source. In the 
low state, the RES input causes all registers, except address 
and byte count, to be reset to the logic state. This disables all 
transfer requests, masks all interrupts, disables the data chain 
function, and puts each channel control register into the 
condition of memory write, halt steal transfer mode, and 
address increment. 


R/W 


3 


Read/Write 


A TTL-compatlble signal that is a high-impedance input in the 
MRU mode and an output in the DMA mode. 

In the MRU mode, it controls the direction of data flow through 
the DMAC input/output data bus interface. When read/write is 
high (MRU read cycle) and the chip is selected, DMAC data 
output buffers are turned on and a selected register is read. 
When it is low, the DMAC output drivers are turned off and the 
MRU writes into a selected register. 

In the DMA mode, read/write is an output to drive the memory 
and peripheral controllers. Its state is determined by bit of the 
channel control register for the channel being serviced. When 
read/write is high, the memory is written into the peripheral 
controller. When it is low, the peripheral controller is read and 
its data stored in the memory. 

In the DMA mode, the DMAC data buffers are off, so data is not 
available on the data bus (D0-D7). 
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Table 1 F6844 Signal Functions (Cont.) 



IVInemonic 


Pin No. 


Name 


Description 


TxAKA 


35 


Transfer 
Acknowledge A 


This signal is a TTL-compatible output used in conjunction with 
the CS/TxAKB line to select the channel to be strobed for 
transfer, and to give the DMA end signal. In the two-channel 
mode, only TxAKA is used to select channel or 1, and 
CS/TxAKB is always an input. 


TxRQo-TxRQa 


32-29 


Transfer Request 


Each of the four channels has its own high-innpedance input 
request for transfer line. The peripheral controller requests a 
transfer by setting its TxRQ line high (a logic 1). The lines are 
sampled according to the priority and enabling established in 
the priority control register. 

In the halt steal mode, and the first byte of the halt burst mode, 
the TxRQ signals are tested on the positive edge of E and the 
highest priority channel is strobed. Once strobed, the TxRQs are 
not tested again until that channel's data transfer is finished. 




34 


Transfer Strobe 


In the succeeding bytes of the halt burst mode transfer, the 
TxRQ Is tested on the negative edge of E, and data is 
transferred on the next E cycle if the TxRQ signal is high. 


TxSTB 


This output signal is an acknowledgement to the peripheral 
controller, and controls transfer of data to or from memory. The 
transfer strobe is also used as the VMA signal in the 
DMA mode. 




In a one-channel system, TxSTB can be inverted and run to the 
peripheral controller acknowledge Input. In a two- or four- 




channel system, TxSTB enables the decode of TxAKA and 
CS/TxAKB to select the device controller to be acknowledged. 


Power 








Vdd 


20 


Power Supply 


Nominal -f-5 Vdc 


Vss 


1 


Ground 


Common power and signal return 
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DMAC Register Descriptions 

The 15 registers in the DMAC are read/write registers, 
although some of the bits are read-only status bits. 

Address Registers 

Each channel has Its own individual 16-blt address 
register. Before a DMA transfer is begun, the starting 
address for the transfer must be loaded Into the address 
register. Depending on the state of bit 3 of the channel 
control register, the address register Is decremented or 
Incremented after each byte transfer. 

Byte Count Registers 

Each channel also has its own byte count register. 
Before the DMA transfer, this register must be loaded 
with the number of bytes to be transferred. Since it Is 16 
bits in length, the transfer can be up to 65,536 bytes of 
data. The byte count register is decremented at the 
beginning of each DMA cycle. 

Channel Control Registers 

The control of each channel's DMA transfer Is 
programmed Into its channel control register. Bits 4 and 
5 are unused. 



Bit 3, Address Up/Down— Bit 3 controls the change In 
the address register for each DMA cycle. If this bit Is 
low, the address register is incremented each time the 
byte count register decrements. If the bit Is high, the 
address register Is decremented. 

Bit 6, Busy/Ready Flag— The busy/ready flag Is a read- 
only status bit that Indicates a DMA transfer Is in 
process on that channel. This bit goes high at the 
beg i nning of the transfer and remains high until the 
IRQ/DEN D has been low for one cycle (DMA end). The bit 
is then reset and the channel can again be configured for 
transfer. 

Bit 7 DMA End (DEND) Flag-The DEND bit indicates 
that a DMA block transfer has ended. This bit is set at 
the same time the busy/ready flag Is reset. The DEND bit 
Is reset by the MPU reading the channel control register. 
This bit causes an Interrupt If enabled In the Interrupt 
control register. 

Priority Control Register 

The priority control register establishes priority and 
enables the transfer requests. Bits 4, 5, and 6 
are unused. 



Bit 0, Read/Write (R/W)— The direction of the DMA 
transfer is controlled by this bit. When It is high, the 
peripheral controller reads the memory. When It Is low, 
the transfer is in the opposite direction, thus writing Into 
the mejTjory. The system R/W line is In the same state as 
this R/W bit In the DMA mode. The device controller 
must change the sense of its R/W input during the 
DMA mode. 

Bit 1, Burst/Steal— This bit, along with bit 2, selects the 
mode of the DMA transfer. With bit 1 high, the burst 
mode is selected. A low selects the steal mode. 

B2, TSC/Halt— This bit helps select the mode of DMA 
transfer. When the bit is high, the TSC mode Is selected. 
When low, the halt mode is selected. A TSC burst mode 
is illegal for F6800-famlly processors due to restrictions 
on <A1 clock stretching for these products. 

The mode selection for bits 1 and 2 is as follows: 



Bits 0-3, Request Enable (RE0.3)— The four channels are 
individually enabled by setting the respective RE bit high. 
A low on any of these bits disables recognition of the 
transfer request for that channel. The bit number 
represents the channel number; e.g., bit 2 is channel 2. 

Bit 7, Rotate Control— The DMAC priority service routine 
is selected by this rotate control bit. When it is low, the 
fixed mode Is selected. Channel has the highest 
priority, channel 1 the next highest, etc. When this bit is 
high, a rotating routine Is used: initially, it is the same as 
in the fixed mode, but once a channel has been serviced, 
it moves to the lowest priority and those that were below 
it advance to the next higher priority. 

Interrupt Control Register 

An Interrupt is caused by a channel completing its DMA 
block transfer. The DEND (channel control register bit 7) 
flags this condition for each channel. Bits 4, 5, and 6 
are unused. 



Bit 2 



Biti 



DiVIA Transfer Mode 









Halt Steal ^ 





1 


Halt Burst 


1 





TSC Steal 


1 


1 


(Illegal) 



Bits 0-3, IRQ/DEND Enable (DiEo.3)— Each channel is 
separately enabled to cause the interrupt. A high enables 
an Interrupt from the channel; a low masks the interrupt. 
The bit number corresponds to the channel number; e.g., 
bit 2 Is channel 2. 
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Bit 7, IRQ/DEND Flag— This read-only bit indicates an 
IRQ is requested of the MPU when the signal is high. If 
the interrupt is enabled (DIE is a 1) when a channel's 
DEND flag (channel control register bit 7) goes high, the 
IRQ/DEND flag bit also goes high. It is reset by the MPU 
reading the channel control register that caused 
the interrupt. 

Data Chain Register 

Repetitive reading or writing of a block of memory can 
be done in the data chain function. A DMA transfer 
cannot be active on channel 3 during the data chain. Bits 
4 through 7 are unused. 

Bit 0, Data Chain Enabie (DCE)— The data chain function 
is enabled when this bit is high. 

Bits 1 and 2, Data Chain Channel Select A, B (DCA, 
DCB)— The channel updated by data chaining is selected 
by bits 1 and 2 as follows: 



DCBBit2 


DCA Bit 1 


Channel # 














1 


1 


1 





2 


1 


1 


(Illegal) 



The data chain function is performed by transferring the 
contents of channel 3 address and byte count registers 
into the respective registers of the channel selected by 
bits 1 and 2. The transfer occurs during the cycle of E 
following the byte count register having decremented 
to zero. 

Bit 3, Two/Four Channel Select (2/4)— Bit 3 configures 
the DMAC to handle two or four channels. When high, 
this bit selects the four-channel mode, in which the 



CS/TxAKB becomes a chip select in the MPU mode and a 
transfer acknowledge B in the DMA mode. W|th bit 3 low, 
the two-channel mode is selected, and the CS/TxAKB 
line is always a chip select, both for the MPU and the 
DMA mode. 

Initialization 

Duri ng a power-on sequence, the DMAC*is reset through 
the RES input. All registers, except the address and byte 
count, are set to a logic state. This disables all 
requests and the data chain function, while masking all 
interrupts. The address, byte count, and channel control 
registers must be programmed before the respective 
transfer request bit is enabled in the priority 
control register. 

Transfer Modes 

Three methods are used for a DMA transfer, determined 
by the data transfer rate required, the number of 
channels attached, and the hardware complexity 
allowable. Refer to Figure 2 (TSC Steal Mode), Figure 3 
(Halt Steal Mode), and Figure 4 (Halt Burst Mode) for an 
illustration of the three DMA transfer methods. 

Two of the modes, TSC steal and halt steal, are 
accomplished by cycle stealing from the MPU. Cycle 
stealing, in t he TSC steal mode, is initiated by the DMAC 
bringing the DRQT line low. This line goes to the system 
clock driver, which returns a high on DGRNT on the 
rising edge of the system </)1 clock. The DGRNT signal 
must cause the address control and data lines to go to 
the high-impedance state, at which time the DMAC 
supplies the address from the address regjster of the 
requesting channel. It also supplies the R/W signal as 
determined from the channel control register. After one 
byte is transferred, control is restored to the MPU. This 
method stretches the </)1 and 02 clocks while the DMAC 
uses the memory (see Figure 5). 
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Fig. 2 TSC Steal Mode Timing 



F6844 



MPU »• DEAD 


-« DMA ^ 


DEAD 


.^ MPU 


EMPU 1 1 1 


1 1 1 1 










1 1 1 1 1 


1 


1 


1 1 1 1 










m/M/m 


\11» 


ffl^ 








DRQT N^ 


/ 










DGANT / 




\ 


TxSTB 


"\ 


J 










TxAKA /~" 




\ 








TxAKB \ 




/ 










^ X X / 




\ X X X 


Ao-Ai5, R/W ( 




"\ 


^ 








ji A n;w Y Y S 


I 


XXX 


AoA4.n/w A A / 




\ 


IRQ/DEND 


\ 


/ 


\ 



5-139 



Fig. 3 Halt Steal Mode Timing 
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Fig. 4 Halt Burst Mode Timing 
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The second mode employing cycle stealing is the halt 
steal mode. This method actually halts the MPU instead 
of stretching the <^1 clock for the transfer period. This 
mode is initiated by the DMAC brin ging th e DRQH line 
low. This line connects to the MPU HALT input. The MPU 
bus available (BA) line is the DGRNT input to the DMAC. 
Wh[le the MPU is halted, its address bus, data bus, and 
R/W lines are in the high-Impedance state. The DMAC 
supplies the ad dress a nd R/W line. After one byte is 
transferred, the HALT line is returned high and the MPU 
regains control. In this mode, the MPU stops internal 



activity and is removed from the system while the DMAC 
uses the memory. 

The third mode of transfer is the halt burst. This mode is 
similar to the halt steal mode, except that the transfer 
does not stop with one byte. The MPU is halted while an 
entire block of data is transferred. When the channel 
byte count register equals zero, the transfer is complete 
and control is returned to the MPU. This mode gives the 
highest data transfer rate, at the expense of the MPU 
being inactive during the transfer period. 
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Fig. 5 Flowchart of DMAC Operation 
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DMAC Programming Model 

The following programming model outlines channel 
preparation for DMA transfer, request enabling, data 
chain register programming, and register descriptions 
(see Table 2). 

Table 2 DMAC Programming Model 





Address 
(Hex) 


Register Content 


Register 


Bit 7 


Bite 


Bits 


Bit 4 


Bits 


Bit 2 


Bit1 


BitO 


Channel 
Control 


1x* 


DMA End 

(DEND) 

Flag 


Busy/Ready 
Flag 


Not 
Used 


Not 
Used 


Address 
Up/Down 


TSC/ 
Halt 


Burst/ 
Steal 


Read/Write 
(R/W) 


Priority 
Control 


14 


Rotate 
Control 


Not 
Used 


Not 
Used 


Not 
Used 


Request 

Enable #3 

(RE3) 


Request 

Enable #2 

(RE2) 


Request 

Enable #1 

(REi) 


Request 

Enable #0 

(REo) 


Interrupt 
Control 


15 


IRQ/DEND 
Flag 


Not 
Used 


Not 
Used 


Not 
Used 


IRQ/DEND 

Enable #3 

(DIE3) 


IRQ/DEND 

Enable #2 

(DIE2) 


IRQ/DEND 

Enable #1 

(DIE1) 


IRQ/DEND 

Enable #0 

(DlEo) 


Data Chain 


16 


Not 
Used 


Not 
Used 


Not 
Used 


Not 
Used 


Two/Four 

Channel 

Select (2/4) 


Data Chain 
Channel 
Select B 


Data Chain 
Channel 
Select A 


Data Chain 
Enable 




*The X represents the binary equivalent of the channel desired. 



Channel Control Register 

DEND Bit 7— Is set at end of DMA block transfer; 

reset by MPU reading the channel 
control register. 

Busy/Ready Bit 6— Status bit set when in transfer; 
Flag cleared after DMA end. 

Address Bit 3— High = decrement address register 
Up/Down for each byte; low= increment. 

TSC/Halt Bit 2— High = select TSC mode; low = halt 
modes. 



REo_3 Bits 0-3— High = enable transfer request for 

the channel; low = request disabled. 

Interrupt Control Register 



IRQ/DEND Bit 7— This flag is set by DEND in channel 
Flag control registers when enabled; 

reset by reading the register that 

caused it to be set. 



DIEn 



Bits 0-3— High = enable IRQ by DEND for 
the channel; low = IRQ masked. 



Data Chain Register 



Burst/Steal Bit 1 — High = select burst mode; 
low = steal modes. 



Two/Four Bit 3— High = 4-channel mode; low = 2- 
Channel channel. 



R/W Bit 0— High = device controller reads 

memory; low = write into memory. 

Priority Control Register 

Rotate Bit 7— High = use rotate routine; 

Control low = fixed: 0, 1 , 2^ 3 priority. 



Data Chain Bits 2, 1 — Binary equivalent of channel to 
Channel be updated by chaining. 

Select 

Data Chain Bit 0— High = enable data chain function; 
Enable low = disabled. 
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Preparation of a channel for a DMA transfer requires: 

1. Load the starting address into the address register. 

2. Load the number of bytes into the byte count register. 

3. Program the channel control register for the transfer 
characteristics: direction (bit 0), mode (bits 1 and 2), 
and the address update (bit 3). 

The channel is now configured. To enable the transfer 
request, set the appropriate enable bit (bits 0-3) of the 
priority control register, as well as the rotate control bit. 



If an interrupt on DEND is desired, the enable bit (bits 
0-3) of the interrupt control register must be set. 

If data chaining for the channel is necessary, it is 
programmed into the data chain register and the 
appropriate data must be written into the address and 
byte count registers for channel 3. 

A comparison of the response times and maximum 
transfer rates is shown below. The values shown are for 
a system clock rate of 1 MHz. 



Mode 



Response Time 

(MS) 



Maximum 

Transfer Rate 

(;^s/byte) 



Halt Burst 
Halt Steal 
TSC Steal 



3.5-15.5* 
3.5-15.5* 
2.5-3.5 



1 

5-15* 

4 



The two 8-bit bytes that form the registers In Table 3 
are placed in consecutive memory locations, making it 
very easy to use the MPU index register in programming 
them. 

Table 3 Address and Byte Count Registers 



Register 


Channel 


Address (Hex) 


Address High 
Address Low 
Byte Count High 
Byte Count Low 









1 
2 
3 


Address High 
Address Low 
Byte Count High 
Byte Count Low 


1 
1 
1 
1 


4 
5 
6 
7 


Address High 
Address Low 
Byte Count High 
Byte Count Low 


2 
2 
2 
2 


8 
9 
A 
B 


Address High 
Address Low 
Byte Count High 
Byte Count Low 


3 
3 
3 
3 


C 
D 
E 
F 



*These values depend upon the cycle In process. 
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System Description 

The DMAC hardware configuration is designed for a one-, 
two-, or four-channel system. 



Fig. 6 One-cliannel Operation 
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interrupt the MRU whenever a DMA block transfer Is 
completed. The TxAK signal is asserted during each 
DMA cycle and is used to handshake with a peripheral 
controller each time a DMA byte transfer occurs. The 
DEND signal is used to handshake with a peripheral 
controller each time a DMA block transfer is complete. 
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operation. Whenever DMA GRANT Is high, IRQ 
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The one-channel DMA mode requires no channel 
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Fig. 7 Two-channel System 
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decoding, so for thi s mode TxAK is derived fro m TxSTB 
directly, a nd TxST B is used to demultiplex the IRQ/DEND 
output for DEND generation. 

The two-channel mode circuit is similar to the one- 
channel circuit but uses TxAKA to Identify the active 
channel and generate the appropriate channel signal. 
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Fig. 8 Four-channel System 
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The four-channel circuit Is functionally similar to the two- 
channel circuit but uses a 74LS139 to decode TxAKA and 
TxAKB for channel identification. Because the DMAC 
CS/TxAKB pin is bidirectional during four-channel 
operation, an open-collector gate must be used to drive 
CS to avoid drive contention. 



Timing Cliaracteristics 

The bus timing characteristics of the F6844 are 
described in Table 4 and Illustrated in Figure 9, The DMA 
timing characteristics are presented in Table 5. (Refer to 
Figures 10 through 15 for the associated timing 
diagrams.) Figure 16 illustrates the test loads and Figure 
77 the CS/TxAKB source current test circuit. 



Tabie 4 Bus Timing Characteristics 



Symbol 


Characteristic 


IVIin 


IVIax 


Unit 


Read Timing 


tAS 


Address Setup Time 
A0-A4, R/W, CS 


160 


' 


ns 


Uhi 


Address Input Hold Time 
A0-A4, R/W, CS 


10 




ns 


boR 


Data Delay Time 
D0-D7 




320 


ns 


Ucc 


Data Access Time 
D0-D7 




480 


ns 


*DHR 


Data Output Hold Time 
D0-D7 


10 




ns 


Write Timing 


tAS 


Address Setup Time 
A0-A4, R/W, CS 


160 




ns 


Uhi 


Address Input Hold Time 
A0-A4, R/W, CS 


10 




ns 


bsw 


Data Setup Time 
D0-D7 


195 




ns 


tpHW 


Data Input Hold Time 
D0-D7 


10 




ns 


E Clocl( Timing 


tcyc 


Cycle Time 


1000 




ns 


PWEh 


Pulse Width - High 


450 




ns 


PWEl 


Pulse Width.— Low 


430 




ns 


\^r, t^i 


Rise and Fall Time 




.25 


ns 



5-146 



F6844 



Fig. 9 Bus Timing 
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Table 5 DMA Timing Characteristics 


Symbol 


Characteristic 


Min 


Max 


Unit 


tjQSI 


TxRQ Setup Time, E Rising Ecjge 


120 




ns 


tTQS2 


TxRQ Setup Time, E Falling Edge 


210 




ns 


*TQH1 


TxRQ Hold Time, E Rising Edge 


20 




ns 


*TQH2 


TxRQ Hold Time, E Falling Edge 


20 




ns 


^DGS 


DGRNT Setup Time 


155 




ns 


^DGH 


DGRNT Hold Time 


10 




ns 


tAD 


Address Output Delay Time 




270 


ns 




Ao-Ai5, R/W, TxSTB 




Uho 


Address Output Hold Time 
A0-A15, R/W, TxSTB 


30 
35 




ns 


*ATSD 


Address Three-State Delay Time 
A0-A15, R/W 




270 


ns 


Utsr 


Address Three-State Recovery Time 




270 


ns 


*DQD 


Delay Time, DRQH, DRQT 




375 


ns 


^TKD1 


TxAK Delay Time, E Rising Edge 




400 


ns 


^TKD2 


TxAK Delay Time, DGRNT Rising Edge 




190 


ns 


^DED1 


IRQ/DEND Delay Time, 
E Falling Edge 




300 


ns 


^DED2 


IRQ/DEND Delay Time, 
DGRNT Rising Edge 




190 


ns 
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Fig. 10 TxRQ Input Timing 
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Fig. 11 DGRNT Input Timing 
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Fig. 12 DRQH, DRQT, TxAK Output Timing 
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Fig. 13 Address, IRQ/DEND Output Timing 
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Fig. 14 Address Three-state Timing 
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Fig. 15 TxAKB, IRQ/DEND Output Timing from 
DGRNT Input 
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Fig. 16 Test Loads 
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30 
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Fig. 17 CS/TxAKB Source Current Test Circuit 
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I 
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Absolute Maximum Ratings 

These are stress ratings only, and functional operation at 
these ratings, or under any conditions above those 
indicated In this data sheet, is not implied. Exposure to 
the absolute maxinnum rating conditions for extended 
periods of tinne may affect device reliability, and 
exposure to stresses greater than those listed may cause 
permanent damage to the device. 



Storage Temperature 
Operating Temperature 
Supply Voltage (Vpo)* 
Input Voltage (V,n)* 
Thermal Resistance 

*With respect to Vss- 



-55X, +150X 

OX, +70''C 

-0.3 V, +7.0 V 

-0.3 V, +7.0V 

70X/W 



DC Characteristics 



Symbol 


Characteristic 


IVIin 


Typ 


Max 


Unit 


Condition 


V,H 


Input High Voltage 


Vss+2.0 




Vdd 


V 




V,L 


Input Low Voltage 


Vss- 0.3 




Vss+0.8 


V 




'in 


Input Leakage Current 
TXRQ0-TXRQ3, (|.2 DMA, RES, DGRNT 






2.5 


mA 


V,N = 0to5.25 V 


Itsi 


3-State Leakage Current 
A0-A15, R/W, D0-D7 


-10 




10 


mA 


V,^4 = 0.4to2.4V 


Vqh 


Output High Voltage 
D0-D7 

A0-A15, R/W 
All Others 


Vss+2.4 
Vss+2.4 
Vss+2.4 






V 


Il= -205 mA 
Il= -145 mA 
Il= -100/iA 


Vol 


Output Low Voltage 






Vss+0.4 


V 


Il= 1.6 mA 


•ess 


Source Current 
CS/TxAKB 




10 


16 


mA 


V|N = OV 


Pd 


Power Dissipation 




500 


1000 


mW 




C|N 


Input Capacitance 

E 

D0-D7, CS/TxAKB, A0-A4, R/W 

All Others 






20 

12.5 

10 


PF 


V,n = 0V,Ta=25X 
f=1.0 MHz 


Cqut 


Output Capacitance 






12 


PF 





Vdd = 5.0 V±5%, Vss=0 V, Ta = 0**C to +70X, unless otherwise noted. 
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Ordering Information 



Order Code 


Temperature Range 


F6844P 


O^'Cto +70X 


F68A44P 


OX to +70''C 


F68B44P 


OX to +70X 
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F6845/F6845A 
CRT Controller 

Microprocessor Product 



Description 

The Fairchild F6845 CRT Controller (CRTC) provides an in- 
terface between a microprocessor (MRU) and a raster scan 
CRT device. The CRTC is used in microprocessor-based 
controller systems for CRT terminals in stand-alone or 
multiterminal configurations, including smart, program- 
mable CRT terminals, video games, and information 
displays. 

The F6845 CRTC is designed with an optimum hard- 
ware/software balance that achieves integration of all key 
functions and maintains flexibility. All keyboard functions, 
read/write operations, cursor movements, and editing are 
under microprocessor control. The F6845 provides video 
timing and refresh memory addressing. 

• Monochrome or Color CRT Applications 

• Used with "Glass-Teletype", Smart, Programmable, 
Intelligent CRT Terminals; Video Games; Information 
Displays 

• Alphanumeric, Semigraphic, and Full Graphic 
Capability 

• Fully Programmable via Processor Data Bus; Timing 
can be Generated for Almost Any Alphanumeric 
Screen Format (e.g., 80 x 24, 72 x 64, and 132 x 20) 

• Single + 5 V Supply 

• F6800-Compatible Bus Interface 

• TTL-Compatibie Inputs and Outputs 

• Start Address Register Provides Hardware Scroll (By 
Page, Line, or Character) 

• Programmable Cursor Register Allows Control of 
Cursor Format and Blink Rate 

• Light Pen Register 

• Refresh (Screen) Memory Can Be Multiplexed Between 
the CRTC and the MPU, Thus Removing the 
Requirements for Line Buffers or External 

DMA Devices 

• Programmable Interlace or Non-interlace Scan Modes 

• 14-Bit Refresh Address Allows up to 16K of Refresh 
Memory for Use in Character or Semigraphic Displays 

• 5-Bit Row Address Allows up to 32 Scan-Line 
Character Blocks 

• 51 2K Address Space is Available for Graphics System 
by Using Both the Refresh and Row Addresses 

• Refresh Addresses are Provided During Retrace, Allow- 
ing the CRTC to Provide Row Addresses to Refresh 
Dynamic RAM 

• Programmable Skew for Cursor and Display 
Enable (DE) 



Connection Diagram 
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Figure 1 Non-lnteriace Raster Scan System 



Figure 2 Interlace Raster Scan System 
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CRTC System Interface 

The CRTC generates the signals necessary to interface a 
digital system to a raster scan CRT (jisplay. In this type of 
display, an electron beam starts In the upper left-hand cor- 
ner, moves quickly across the screen, and returns. This ac- 
tion is called a horizontal scan. After each horizontal scan, 
the beam is incrementally moved down in the vertical direc- 
tion until it has reached the bottom of the screen. At this 
point, one frame has been displayed, as the beam has 
made many horizontal scans and one vertical scan. 

Two types of raster scanning are used in CRTs: interlace 
and non-interlace (illustrated in figures 1 and 2). Non- 
interlace scanning consists of one field per frame. The scan 
lines in figure 1 are shown as solid lines, and the retrace 
patterns are indicated by the dotted lines. Increasing the 
number of frames per second decreases the flicker. Or- 
dinarily, either a 50 or 60 frame-per-second refresh rate 
is used to minimize beating between the CRT and the 
power line frequency. This prevents the displayed data 
from weaving. 

Interlace scanning is used in broadcast TV and on data 
monitors where high-density or high-resolution data must 
be displayed. Two fields, or vertical scans, are made down 
the screen for each single picture or frame. The first field 
(even field) starts In the upper left-hand corner; the second 
(odd field) in the upper center. Both fields overlap as shown 
in figure 2, thus interlacing the two fields into a single 
frame. 

To display the characters on the CRT screen, the frames 
must be continually repeated. The data to be displayed is 
stored in the refresh (screen) memory by the MPU control- 
ling the data processing system. The data is usually written 



in ASCII code and cannot be directly displayed as 
characters. A character generator ROM is typically used to 
convert the ASCII codes into the "dot" pattern for every 
character. 

The most common method of generating characters is to 
create a matrix of dots, x dots (columns) wide and y dots 
(rows) high. Each character is created by selectively filling 
in the dots. As x and y get larger, a more detailed character 
can be created. Two common dot matrices are 5 x 7 and 7 
X 9. Many variations of these standards allow Chinese, 
Japanese, or Arabic letters instead of English. Since 
characters require some space between them, a character 
block larger than the character Is typically used, as shown 
in figure 3. The figure also shows the corresponding timing 
and levels for a video signal that would generate the 
characters. 

The CRTC generates the refresh addresses (MAq- MA-13), 
row addresses (RAq- RA4), and the video timing — vertical 
synchronization (VS), horizontal synchronization (HS), and 
display enable (DE), as illustrated In figure 4. Other func- 
tions include an internal cursor register that generates a 
cursor output when its contents compare to the current 
refresh address. A light pen strobe input signal allows cap- 
ture of the refresh address In an internal light pen register. 

All timing In the CRTC is derived from the clock (CLK) in- 
put. In alphanumeric terminals, this signal is the character 
rate. The video rate, or dot clock, is externally divided by 
high-speed logic (TTL) to generate the CLK input. The high- 
speed logic also generates the timing and control signals 
necessary for the shift register, latch, and multiplexer 
control. 
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Figure 3 Character Display on the Screen and Video Signal 



ONE 

CHARACTER 

CLOCK 









2 




I 


( 


5 




J 




( 






)( 
















. 
















f 








( \ 














f 








/ 
















( \ 






























( 


\( 






















'K 






















( \ 














































ONE LINE 






















( 


) ( 


\t 




•\ ) 








14 SCAN < 








' 






























LINES 


























































































































































''■ 










































































FIRST SCAf 






































1 






I 


\ 


1 






I 








r 


1 


r 


1 






\ 


r 


1 







































VCHARACTER 
/ DISPLAY 



^LINE SPACE 



Figure 4 Typical CRT Controller Application 
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The processor communicates with the CRTC through an 
8-bit data bus by reading or writing into the 19 registers. 
The refresh memory address is multiplexed between the 
microprocessor and the CRTC. Data appears on a secon- 



dary bus separate from the processor's primary bus. The 
secondary data bus concept in no way precludes using the 
refresh RAM for other purposes. It looks like any other 
RAM to the processor. 
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Refresh Memory Contentions 

A number of approaches are possible for solving 
contentions In the refresh memory. 

1. The processor always has priority. Generally, "hash"- 
occurs, as the MPU and CRTC clocks are 

not synchronized. 

2. The processor has priority access anytime, but can 
be synchronized by an Interrupt to perform accesses 
only during horizontal and vertical retrace times. 

3. The processor Is synchronized with the memory wait 
cycles (states). 

4. The processor Is synchronized to the character rate 
as shown in figure 5. The F6800 processor family 
works very well In this configuration, as constant cy- 
cle lengths are present. This method provides no 
overhead for the processor, as there Is never a con- 
tention for a memory access. All accesses are 
transparent. 

The CRTC Is offered In two pin-compatible versions. This 
data sheet contains Information describing both the F6845 
CRTC and the F6845A (upgraded) CRTC. Complete software 
compatibility between both versions Is maintained by pro- 
gramming all register bits In the F6845A, which are 
undefined/unused In the F6845, with zeros. 



scan line counters to the contents of the programmable 
register file, Rq - R17. For horizontal timing generation, 
comparisons result in the horizontal sync pulse (HS) of a 
frequency, position, and width determined by the registers, 
and the horizontal display signal of a frequency, position, 
and duration determined by the registers. 

The horizontal counter produces H clock, which drives the 
scan line counter and vertical control. The contents of the 
scan line register raster counter are continuously compared 
to the contents of the scan line address register. A coin- 
cidence resets the raster scan line counter and clocks the 
vertical counter. 

Comparisons of vertical counter contents and vertical 
registers result In a vertical sync (VS) pulse of a frequency, 
width, and position determined by the registers, and a ver- 
tical display of a frequency and position determined by the 
registers. The width of the VSYNC pulse is fixed at 16 
raster lines In the F6845. The vertical control logic has 
other functions. Including the following. 

1. Generates row selects or raster address 

RAo - RA4 output from the raster count scan line for 
the corresponding interlace or non-interlace modes. 

2. Extends the number of scan lines In the vertical total 
by the amount programmed In the vertical total 
adjust register. 



The F6845 CRTC consists of programmable horizontal and 
vertical timing generators, programmable linear address 
register, programmable cursor logic, light pen capture 
register, and control circuitry for Interface to a processor 
bus. Figure 6 is a functional block diagram of the CRTC. 

All CRTC timing Is derived from the clock (CLK) Input, 
usually the output of an external dot rate counter. Coin- 
cidence (CO) circuits continuously compare the contents of 
the horizontal, horizontal sync width, character row, and 



Figure 5 Transparent IVIemory Configuration Timing 
Using F6800 MPU 



CRTC ACCESSES 
REFRESH MEMORY 



Where m, n are 
Integers and tc 
is character 
period. 



MPU ACCESSES 
REFRESH MEMORY j 



-tcyc = nxtc ortc/m- 



The linear address generator Is driven by CLK and 
associates the relative positions of characters in memory 
with their positions on the CRT screen. Fourteen refresh 
memory address lines, MAq- MA-13, are available for ad- 
dressing up to four pages of 4K characters, eight pages of 
2 K characters, etc. Using the start address register, hard- 
ware scrolling up to 16K characters is possible. The linear 
address generator repeats the same sequence of addresses 
for each scan line of a character row. 

The cursor logic determines the cursor location, size, and 
blink rate on the CRT screen. All are programmable. 

The light pen strobe (LPSTB) going high causes the current 
contents of the address counter to be latched in the light 
pen register. The contents of the light pen register are 
subsequently read by the microprocessor. 

Internal CRTC registers are programmed by the 
microprocessor throujh the data bus, Dq- D7, and the 
control signals R/W, CS, RS, and E. 

Signal Descriptions 

The F6845 input/output signals are described in table 1. 
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Figure 6 F6845 CRTC Block Diagram 
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Table 1 FQ845 CRTC Signal Descriptions 



Mnemonic 



Pin No. 



Name 



Description 



Device Control 

CS 25 



RS 



R/W 



24 



23 



22 



RESET 



Chip Select High-impedance, TTUMOS compatible input signal. When low, 

it selects the CRTC to allow reading from or writing to the in- 
ternal register file. This signal should be active only when a 
valid stable address from the microprocessor is 
being decoded. 

Register Select High-impedance, TTL/MOS compatible input signal. When low, 

it selects the address register; when high. It selects one of the 
data registers of the Internal register file. 

Enable High-impedance, TTUMOS compatible input signal. Enables 

the data bus input/output buffers and clocks dat^ to and from 
the CRTC. This signal is usually derived from the 
microprocessor clock; the high-to-low transition is the 
active edge. 

ReadA/Vrite High-impedance, TTUMOS compatible Input signal. Deter- 

mines whether the internal register file is written to or read 
from. A write operation Is an active low (logic 0). 

Reset An input signal used to reset the CRTC. When low, it clears all 

CRTC counters, stops display operations, and forces all out- 
puts low; control registers in the CRTC are not affected and 
remain unchanged. 



The RESET signal performs a reset function only when the 
LPSTB s ignal is also low, aa shown in the following. 
RESET LPSTB Operating 

Mode 
Reset 

1 Test 

1 Normal 
1 1 Normal 



The test mode configures the memory addresses as two in- 
dependent 7-bit counters to minimize test time. 



After RESET goes low, the MAq - MA^g and RAq - RA4 signals. 
In synchronization with the CLK low level, also go low (at least 
one CLK signal Is necessary for reset). The CRTC star ts the 
display operation immediately after the release of the RESET 
signal. The DE signal is not active until after the first VS 
signal pulse occurs. 
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Mnemonic 



Pin No. 



Name 



Description 



Data Bus 



26-33 



Data Bus 



Eight bidirectional data lines that allow data transfers between 
the CRTC internal register file and the microprocessor. The 
data bus output drivers are 3-state buffers that remain in the 
high-impedance state except when the microprocessor 
performs a CRTC read operation. 



CRT Control 

VS 



HS 



40 



39 



Vertical 
Synchronization 



Horizontal 
Synchronization 



Active-high, TTL compatible output signal that determines the 
vertical position of the displayed text, drives the monitor 
directly, or is fed to video processing logic for composite 
generation. 

Active-high, TTL compatible output signal that determines the 
horizontal position of the displayed text, drives the monitor 
directly or is fed to video processing logic for composite 
generation. 



DE 



18 



Display 
Enable 



Active-high, TTL compatible output signal that Indicates the 
CRTC is providing addressing in the active display area. 



CURSOR 



19 



Cursor 



Active-high, TTL compatible output signal that indicates valid 
cursor address to external video processing logic. 



CLK 



21 



Clock 



A TTL/MOS compatible input signal that is used to syn- 
chronize all CRT control signals, except for the processor in- 
terface. An external dot counter is used to derive this signal, 
which is usually the character rate in an alphanumeric CRT. 
The active transition is from high to low. 



LPSTB 



Light Pen 
Strobe 



High-impedance, TTL/MOS compatible input signal that lat- 
ches the current refresh addresses Into the light pen register 
file. Latching occurs on the low-to-high edge, and is internally 
synchronized to the character clock. 



Display Memory Addressing 

MA0-MA13 4-17 



Refresh Output signals that are used to refresh the CRT screen with 

Memory pages of data located within a 16K block of refresh memory. 

Addresses Drives a standard TTL load and 30 pF. 



RA0-RA4 



34-38 



Row Addresses Output signals from the internal row address counter that ad- 

dress the character ROM for the row of a character. These 
signals drive a standard TTL load and 30 pF. 



Vcc 


20 


Supply 
Voltage 


-1-5 V supply. 


Vss 


1 


Ground 


Supply and signal ground. 
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Register Files 

The 19 registers of the F6845 CRTC can be accessed 
through the data bus. Only two memory locations are re- 
quired, as one location is used as a pointer to address one 
of the remaining 18 registers. These 18 registers control 
horizontal timing, vertical timing. Interlace operation, and 
row address operation, and define the cursor, cursor ad- 
dress, start address, and light pen register. The register 
addresses and sizes are shown in table 2. 



Table 2 CRTC Internal Register Assignment 
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RS 


Address Register 
4 3 2 10 


Register 


Register File 


Program 
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Read 


Write 


Number of Bits 
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1 
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X X X X X 
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__ 
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— 
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"X^ 








X X X X X 


AR 


Address Register 


— 


No 


Yes 




N 
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\ 




















RO 


Horizontal Total 


Char. 


No 


Yes 

























1 


R1 


Horizontal 
Displayed 


Char. 


No 


Yes 

























10 


R2 


Sync Position 


Char. 


No 


Yes 

























11 


R3 


Sync Width 


— 


No 


Yes 




Va 


Va 


Va 


Va 


H 


H 


H 


H 







10 


R4 


Vertical Total 


Char. Row 


No 


Yes 




\ 





















10 1 


R5 


Total Adjust 


Scan Line 


No 


Yes 




\ 


\ 


\ 

















110 


R6 


Vertical Displayed 


Char. Row 


No 


Yes 




\ 





















11 1 


R7 


Sync Position 


Char. Row 


No 


Yes 




\ 





















10 


R8 


Interlace Mode & 
Skew 


Notel 


No 


Yes 




Ca 


Ca 


Da 


Da 


^ 


\ 


1 


1 







10 1 


R9 


Max.Scan Line 
Address 


Scan Line 


No 


Yes 




\ 


\ 


\ 

















10 10 


RIO 


Cursor Start 


Scan Line 


No 


Yes 




\ 


B 


P 






(Note 2) 







10 11 


R11 


Cursor End 


Scan Line 


No 


Yes 




\ 


\ 


\ 

















11 


R12 


Start Address (H) 


— 


Yes 


Yes 



























110 1 


R13 


Start Address (L) 


— 


Yes 


Yes 

























1110 


R14 


Cursor (H) 


— 


Yes 


Yes 



























oil 1 1 


R15 


Cursor (L) 


— . 


Yes 


Yes 

























10 


R16 


Light Pen (H) 


— 


Yes 


No 



























10 1 


R17 


Light Pen (L) 


— 


Yes 


No 





















Notes 

1. The skew control and interlace are described in the Interlace Mode and Skew Register section. 

2. Bit 5 of the cursor start raster register is used for blink period control, and bit 6 is used to select blink or nonblink. 

3. Subscript A represents the F6845A CRTC. 
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Address Register 

The address register is a 5-bit write-only register used as an 
indirect or pointer register. It contains the address of one of 
the other 18 registers. When both the RS and CS signals 
are low, the address register Is selected. When CS is low 
and RS is high, the register pointed to by the address 
register is selected. 



F6845 



Timing Registers R0-R9 

The visible display area of a typical CRT monitor is shown 
in figure 7. The point of reference for horizontal registers \s 
given as the left-most displayed character position. Horizon- 
tal registers are programmed in character clock time units 
with respect to the reference, as shown in figure 8. Signal 
characteristics are given in the "Timing Characteristics" 
section. The point of reference for the vertical registers is 
the top character position displayed. Vertical registers are 
programmed in scan line times with respect to the 
reference, as shown in figure 9. 



Figure 7 F6845 CRT Screen Format 



-NUMBER OF HORIZONTAL TOTAL CHAR. (Nht + 1)- 



- NUMBER OF HORIZONTAL DISPLAYED CHAR. (Nhd)- 



k + ^^^ 



TOTAL SCAN LINE ADJUST (Nadj) 



DISPLAY PERIOD 



VERTICAL RETRACE PERIOD 
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HORIZONTAL TOTAL (RO) 
th, =(Nht + 1)xtc 



'^ 



- HORIZONTAL DISPLAY (RI)Nhd x tc 



- HORIZONTAL RETRACE - 



UTJxrLr^rLJi;riJiJiJiJi.rLJijain.:^^ 



CO 

c 

s 

00 

O 
3} 

H 

o 

X 

o 

-n 

§■ 

3 

H 

3 

5" 

(Q 



I ■ I I I I 1 II II 1 I I I I I I I I t 

I \ i y \ y rN-'i \ H~"i k^^^ \ i k^^^ k^^^ V k 

^* A A- — A A A A A-K pJ A A— — A A-K p-a A A A-K _-A A_k _A A A 



CHARACTER # 



i 



^ 



^ Nhd-I N, 






-Nr 



Nhsp-1| Nhsp ^ I 

h«-HS PULSE WIDTH (R3)^ 



HORIZONTAL SYNC POSITION (R2) | 

FRONT PORCH (SYNC DELAY) p 



-N- 



-N- 



■^ 



-V 



^ 



■^ 



I I 
-N- 



Nhl I 



BACK PORCH (SCAN DELAY) 

N 



-N- 



2 



Note 

Timing is shown for first displayed scan row only. The initial MA is 
determined by the contents of start address register Ri2/'^13- Timing is 
shown for Ri2^^13 ~ ^- 



Figure 9 CRTC Vertical Timing 
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RA0RA4 

S INTERLACE I 
SYNC AND / 

VIDEO MODE 
ODD FIELD 



-VERTICAL DISPLAY = Nvdxt (R6)- 

:3_ 



tF = (Ny, + 1)xt,c + NadjXt,i 

FIELD TIME 

- VERTICAL TOTAL (R4) + VERTICAL TOTAL ADJUST (R5) - 



-VERTICAL RETRACE- 



r-'^ 



vs 

;Non-lnterlace) 




VS 
(Odd Field) 



N,i 
(N„-1) 



-i*— y- 



^ 



(Ns,-1)| 



Nsi I 0,1 '' ^^ I 0(1) 

(Nsi-1) I I 

I ADDRESS CONTINUES TO INCREMENT 



X Y 'N Y y Y -y V '^ V V '^ Y V V'^V Y^ V V ^ Y V y S y y 
. — A— >v-A — A— Kr— A — A-v-A A-A— A A A-v-A A-jsi— A A-v-A A A-js_J A 



Nsi I 0(1) 

(Ns|-1) H Tadj = adj X tsi 

I FIELD ADJUST TIME 



I 1 I VERTICAL SYNC I 

h^VERTICAL-H ^"'■^^<"^'3 | 

I POSITION (R7) k I 



VERTICAL SCAN DELAY 



I , s, — . 



-L 



DISPLAY 
ENABLE 



.tinJ^^rLr^j^v^ 



■^-N- 




*N^^ must be an odd number for both interlace modes. 

**lnitial MA is determined by R12/R13 (start address register), which Is zero 

In this timing example. 
***Ng| must be an odd number for interlace sync and 
video mode. 

Notes: 

1. Refer to Figure 2 ■ The odd field Is offset V2 horizontal scan time. 

2. Timing values are described In Table 9. 

3. Vertical sync pulse width can be programmed from 1 to 16 scan line 
times for the MC6845i^ 1. 
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Horizontal Total Register (RO)- This 8-bit write-only register 
determines the horizontal sync (HSYNC) frequency by defin- 
ing the period in character times. It is the total of the 
displayed characters plus the nondisplayed character times 
(retrace) minus one. 

Horizontal Displayed Register (R1)- This 8-bit write-only 
register determines the number of displayed characters per 
line. Any 8-blt number can be programmed so long as the 
contents of RO are greater than the contents of R1. 

Horizontal Sync Position Register (R2)-This 8-blt write-only 
register controls the horizontal sync position, which defines 
the horizontal sync delay (Front Porch) and the horizontal 
scan delay (Back Porch). When the programmed value of 
this register is increased, the display on the CRT screen is 
shifted to the left. When the programmed value is decreas- 
ed, the display is shifted to the right. Any 8-bit number can 
be programmed if the sum of the contents of R1, R2, and 
R3 is less than the contents of RO. 

Sync Width Register (R3)-Thls 8-bit write-only register deter- 
mines the width of the vertical sync pulse and the horizon- 
tal sync pulse for the F6845A CRTC. The vertical sync pulse 
width is fixed at 16 scan line times for the F6845, and the 
upper four bits of this register are treated as "don't cares". 

The F6845A allows control of the VS pulse width for one to 
sixteen scan line times. Programming the upper four bits 
for one to fifteen selects pulse widths from one to fifteen 
scan line times. Programming the upper four bits as zeros 
selects a VS pulse width of 16 scan line times, allowing 
compatibility with the F6845. 

For both the F6845 and the F6845A, the MS pulse width can 
be programmed from one to fifteen character clock periods, 
thus allowing compatibility with the HS pulse width 
specifications of many different monitors. If zero is written 
into this register, then no horizontal sync is provided. 

This horizontal width must be programmed because, were it 
fixed as an integral of character times, it would vary with 
the character rate and be out of tolerance for certain 
monitors. 



Horizontal Timing Summary -The difference between RO and 
R1 is the horizontal blanking interval (refer to figure 8). This 
interval in the horizontal scan period allows the beam to 
return (retrace) to the left side of the screen. The retrace 
time is determined by the monitor's horizontal scan com- 
ponents. Retrace time is less than the horizontal blanking 
interval. 

A good rule of thumb Is to make the horizontal blanking 
about 20% of the total horizontal scanning period for a 
CRT. In inexpensive TV receivers, the beam overscans the 
display screen so that aging of parts does not result in 
underscanning. Because of this, the retrace time should be 
about one-third the horizontal scanning period. The horizon- 
tal sync delay, HS pulse width, and horizontal scan delay 
are typically programmed with a 1:2:2 ratio. 

Vertical Total Register (R4) and Vertical Total Adjust 
Register (R6) • The frequency of the VS pulse is determined 
by both the R4 and R5 registers. The calculated number of 
character line times is usually an integer plus a fraction to 
get exactly a 50 or 60 Hz vertical refresh rate. The integer 
number of character line times minus one is programmed 
in the 7-bit write-only vertical total register (R4). The fraction 
of character line times is programmed in the 5-bit write-only 
vertical total adjust register (R5) as a number of scan 
line times. 

Vertical Displayed Register (R6)- This 7-bit write-only register 
specifies the number of displayed character rows on the 
CRT screen and is programmed in character row times. Any 
number smaller than the contents of the R4 register can be 
programmed into the R6 register. 

Vertical Sync Position Register (R7)- This 7-bit write-only 
register controls the position of vertical sync with respect 
to the reference. It is programmed in character row times. 
The value programmed in the register is one less than the 
number of computed character line times. When the pro- 
grammed value of this register is increased, the display 
position of the CRT screen is shifted up. When the pro- 
grammed value is decreased, the display position is shifted 
down. Any number equal to or less than the vertical total 
(register R4) can be used. 



Table 3 Cursor and DE Skew Control 



Table 4 Interlace Mode Register 



Value 


Skew 


00 
01 
10 

11 


No Character Skew 
One Character Skew 
Two Character Skew 
Not Available 



Bit1 


BitO 


Mode 



1 


1 





1 

1 


Normal Sync Mode (Non-lnterlace) 
Normal Sync Mode (Non-lnterlace) 
Interlace Sync Mode 
Interlace Sync and Video Mode 
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Figure 10 Interlace Control 
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Interlace Mode and Skew Register (R8) • The F6845 only 
allows control of the interlace modes as programmed by 
the low order two bits of this write-only register. The 
F6845A controls the interlace modes and allows a program- 
mable delay of zero to two character clock times for the 
display enable (DE) and cursor outputs. Table 3 describes 
operation of the cursor and DE skew bits. Cursor skew is 
controlled by bits 6 and 7 of Register R8, while DE skew is 
controlled by bits 4 and 5. Table 4 shows the available in- 
terlace modes; these modes are selected using the two low 
order bits of this 6-bit write-only register. In the normal sync 
mode (non-interlace), only one field is available, as shown in 
figures 1 and 10 (a). Each scan line is refreshed at the 
VSYNC frequency (e.g., 50 or 60 Hz). 

Two interlace modes are available, as shown in figures 2, 10 
(b) and 10 (c). The frame time is divided between even and 
odd alternating fields. The horizontal and vertical timing 
relationship VSYNC delayed by one-half scan line time) 
results in the displacement of scan lines in the odd field 
with respect to the even field. 

In the interlace sync mode, the same information Is painted 
in both fields, as shown in figure 10 (b). This is a useful 
mode for filling in a character to enhance readability. 

In the interlace sync and video mode, shown in figure 10 (c), 
alternating lines of the character are displayed in the even 
field and the odd field. This effectively doubles the given 
bandwidth of the CRT monitor. 

To avoid an apparent flicker effect, care must be taken 
when using either interlace mode. This flicker effect is due 
to the doubling of the refresh time for all scan lines, since 
each field is displayed alaernately and can be minimized 
with proper monitor design (e.g., longer persistence 
phosphors). 



In addition, the programming of the CRTC registers for 
interlace operation has the following restrictions. 

F6845 Programming Restrictions 

1. The horizontal total register value, RO, must be odd 
(i.e., an even number of character times). 

2. For interlace sync and video mode only, the max- 
imum scan line address, R9, must be odd (i.e., an 
even number of scan lines). 

3. For interlace sync and video mode only, the vertical 
displayed register, R6, must be even. The program- 
med number, Nvd, must be one-half the actual 
number required. The even-numbered scan lines are 
displayed in the even field and the odd-numbered 
scan lines are displayed in the odd field. 

4. For interlace sync and video mode only, the cursor 
start register, RIO, and cursor end register, R11, must 
both be even or odd, depending in which field the 
cursor is to be displayed. 

F6845A Programming Restrictions 

1. The horizontal total register value, RO, must be odd 
(I.e., an even number of character times). 

2. For the interlace sync and video mode only, the ver- 
tical displayed register, R6, must be even. The pro- 
grammed number, Nvd, must be one-half the actual 
number required. 

Maximum Scan Line Address Register (R9) • This 5-bit write- 
only register determines the number of scan lines per 
character row, including the spacing, thus control- 
ling operation of the row address counter. The programmed 
value is a maximum address and is one less than the 
number of scan lines. 
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Figure 11 Cursor Control 



Table 5 Cursor Start Register 



-BLINK PERIOD = 
16 OR 32 TIMES 
FIELD PERIOD 
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CURSOR START ADR. = 9 CURSOR START ADR. = 9 CURSOR START ADR. = 1 
CURSOR END ADR. = 9 CURSOR END ADR. = 10 CURSOR END ADR. = 5 



Bit 6 


Bit 5 


Cursor Display Mode 





1 
1 



1 


1 


Non-blink 

Cursor Non-display 
Blink, 1/16 Field Rate 
Blink, 1/32 Field Rate 



Example of Cursor Display Mode 



Cursor Control Registers-Cursor movement is controlled by 
the following four registers. 

Cursor Start Register (R10) and Cursor End Register 

(R11) -These registers allow a cursor of up to 32 scan lines 
in height to be placed on any scan line of the character 
block, as shown in figure 11. Register RIO Is a 7-bit write- 
only register used to define the start scan line and the cur- 
sor blink rate. Bits 5 and 6 of the cursor start address 
register control the cursor operation, as shown in table 5. 
Non-display, display, and two blink modes (16 times or 32 
times the field period) are available. Register R11 is a 5-bit 
write-only register that defines the last scan line of the 
cursor. 

Bit 5 is the blink timing control; when it is low, the blink 
frequency is 1/16 of the vertical field rate, and when it is 
high, the blink frequency is 1/32 of the vertical field rate. Bit 
6 Is used to enable a blink The cursor start scan line is set 
by the lower five bits. 

When an external blink feature on characters is required, it 
may be necessary to perform cursor blink externally so that 
both blink rates are synchronized. Note that an in- 
vert/non Invert cursor is easily implemented by programming 
the CRTC for a blinking cursor and externally inverting the 
video signal with an exclusive-OR gate. 

Cursor Register (R14-H, R15-L) — This 14-bit read/write 
register pair is programmed to position the cursor anywhere 
in the refresh RAM area, thus allowing hardware paging and 
scrolling through memory without loss of the original cur- 
sor position. It consists of an 8-bit low order (MAq - MA7) 
register and a 6-bit high order (MAs - MA13) register. 



Start Address and Light Pen Registers 

The following 14-bit registers control the start address and 
light pen. 

Start Address Register (R12-H, R13-L) - This 14-bit write- 
only register pair controls the first address by the CRTC 
after vertical blanking. It consists of an 8-bit low order 
(MAq - MA7) register and a 6-blt high order (MAs - MA13) 
register. The start address register determines which por- 
tion of the refresh RAM is displayed on the CRT screen. 
Because the CRTC linear address generator counts from 
this beginning count, the displayed portion of the screen 
may be a window on any continuous string of characters 
within a 16 block of refresh memory. Hardware scrolling by 
characters, line, or page can be accomplished by centering 
the R12/R13 pointer in the middle of the available 
memory space. 

Light Pen Register (R16-H, R17-L)This 14-bit read-only 
register pair captures the refresh address output by the 
CRTC on the positive edge of a pulse input to the LPSTB 
pin. It consists of an 8-bit low order (MAg-MAy) register and 
a 6-blt high order (MAo-MA^g) register. Since the light pen 
pulse is aynchronous with respect to refresh address tim- 
ing, an internal synchronizer Is designed into the CRTC. 
Due to delays in this circuit, the value of R16 and R17 need 
to be corrected in software. (See the bus timing diagram in 
the Timing Characteristics section). Figure 12 shows an 
interrupt-drlven approach, although a polling routine could 
be used. 
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Figure 12 Light Pen Interface 
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CRTC Initialization 

Registers R0-R15 must be initialized after the system power 
is turned on. The processor normally loads the CRTC 
register file sequentially from a firmware table, after which, 
in most systems, R0-R11 are not changed. The worksheet 
of table 6 is useful in computing proper register values for 
the CRTC. Table 6 shows the worksheet completed for an 
80 X 24 configuration using a 7 x 9 character generator, 
and figure 13 shows an F6800 program that could be used 
to program the CRT controller. The programmed values 
allow use of either an F6845 or an F6845A CRTC. 

The CRTC registers have an Initial value at power up. When 
using a direct drive monitor (without horizontal oscillator), 
these initial values can result in out-of-tolerance operation. 
The CTRC programming should be done immediately after 
power up, especially in this type of system. 

CRT Interface Signal Timing 

Timing charts of CRT Interface signals are illustrated with 
the aid of a programmed example of the CRTC. When 
values listed In table 7 are programmed into the CRTC con- 
trol registers, the device provides the outputs as shown in 
the timing diagrams (figure 8, 9, 14, and 15). The screen for- 
mat of this example is shown in figure 7, which illustrates 
the relation between refresh memory address (MA0-MA13), 
row address (RA0-RA4), and the position on the screen. In 
this example, the start address is assumed to be zero. 



The bus timing test load Is shown in figure 16; figure 17 il- 
lustrates the CRTC timing, and figure 18 illustrates the 
CRTC clock, memory addressing, and light pen timing. All 
signal timing characteristics are given in the "Timing 
Characteristics" section of this data sheet. 

Additional CRTC Applications 

The foremost system function that can be performed by the 
CRTC is the refreshing of dynamic RAM. This is quite 
simple, as the refresh addresses run continually. 

Note that the LPSTB input signal can be used to support 
additional system function other than a light pen. A digital- 
to-analog converter (DAC) and comparator could be con- 
figured to use the refresh addresses as a reference to a 
DAC composed of a resistive adder network connected to a 
comparator. The output of the comparator generates the 
LPSTB Input signal, signifying a match between the refresh 
address analog level and the unknown voltage. 

The light pen strobe input could also be used as a 
character strobe to allow the CRTC refresh addresses to 
decode a keyboard matrix. Debouncing would need to be 
done in software. 

Both the VS and HS signal outputs can be used as a real- 
time clock. Once programmed, the CRTC provides a stable 
reference frequency. 
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Table 6 Worksheet for 80 x 24 Format 



Display Format Worksheet 




1. Displayed Characters per Row 


80 


Char. 


2. Displayed Character Rows per Screen 


24 


Rows 


3. Character Matrix a. Columns 


7 


Columns 


b. Rows 


9 


Rows 


4. Character Block a. Columns 


9 


Columns 


b. Rows 


11 


Rows 


5. Frame Refresh Rate 


60 


Hz 


6. Horizontal Oscillator Frequency 


16,600 


Hz 


7. Active Scan Lines (Line 2 x Line 4b) 


264 


Lines 


8. Total Scan Lines (Line 6 -^ Line 5) 


310 


Lines 


9, Total Rows Per Screen (Line 8 -^ Line 4b) 


28 


Rows and 2 Lines 


10. Vertical Sync Delay (Character Rows) 




Rows 


11. Vertical Sync Width (Scan Lines, 16) 


16 


Lines 


12. Horizontal Sync Delay (Character Times) 


6 


Character Times 


13. Horizontal Sync Width (Character Times) 


9 


Character Times 


14. Horizontal Scan Delay (Character Times) 


7 


Character Times 


15. Total Character Times (Lines 1 + 12 + 13 + 14) 


102 


Character Times 


16. Character Rate (Line 6 times 15) 


1.8972 M 


MH^ 


17. Dot Clock Rate (Line 4a times 16) 


17.076 M 


MH^ 



CRTC Registers 







Decimal 


Hex 


RO 


Horizontal Totar(Line 15 minus 1) 


101 


65 


R1 


Horizontal Displayed (Line 1) 


80 


50 


R2 


Horizontal Sync Position (Line 1 + Line 12) 


86 


56 


R3 


Horizontal Sync Width (Line 13) 


9 


9 


R4 


Vertical Total (Line 9 minus 1) 


24 


18 


R5 


Vertical Adjust (Line 9 Lines) 


10 


OA 


R6 


Vertical Displayed (Line 2) 


24 


18 


R7 


Vertical Sync Position (Line 2 + Line 10) 


24 


18 


R8 


Interlace (00 Normal, 01 Interlace 
03 Interlace, and Vidio) 







R9 


Max. Scan Line Add (Line 4b minus 1) 


11 


B 


RIO 


Cursor Start 








R11 


Cursor End 


11 


B 


R12, R13 


Start Address (H and L) 


128 


00 
80 
00 


R14, R15 


Cursor (H and L) 


128 








80 
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Figure 13 F6800 Program for CRTC Initialization 

Page 001 CRTC INIT. SA:0 F6845/F6845-1 CTRC initialization program 



00001 

00002 

00003 

00004 

00005 

00006 

00007 

00008 

00009 

00010 

00011 

0001 2A 0000 

0001 3A 0000 5F 

00014A0001 CE1020A 

00015A0004F7 9000A 

00016A 0007 A6 00 A 

00017A0009B7 9001 A 

0001 8A OOOC 08 

00019A OOOD 50 

00020A OOOE 01 10 A 

00021 A 0010 26 F2 0004 

00022A0012 3F 

00023 

00024 

00026 

00026 A 1020 

00027 A 1020 65 A 

A 1021 50 A 
00028A 1022 56 A 

A 1023 09 A 
00029A 1024 18 A 

A 1025 OA A 
00030A1026 18 A 

A 1027 18 A 
00031 A 1028 00 A 

A 1029 OB A 
00032 A 102 A 00 A 

A 102B OB A 
00033 A 102O 0080 A 
00034A102E 0080 A 
00035 
Total Errors 00000-00000 



NAM F6845 

TTL F6845-1 ORTO initialization program 

OPT G,S,LLE = 85 print FOB'S, FDB's & XREF table 
•••••••••••••••••••••••••••••••••••••••••• 

* Assign ORTO addresses 

ORTOAD EQU $9000 Address Register 

ORTORG EQU ORTOAD + 1 Data Register 

•••••••••••••••••••••••••••••••••••••••••• 

* Initialization program 

* 

ORG a place to start 

OLRB clear counter 

LDX #ORTTAB table pointer 

STAB ORTOAD load address register 



0RT01 



LDAA 0,X 

STAA ORTORG 

INX 

INOB 

OMPB $10 

BNE 0RT01 

SWI 



get register value from table 
program register 
increment counters 



finished? 

no: take branch 

yes: call monitor 

•••••••••••••••••••••••••••••••••••••••••• 
* ORTO register initialization table 



ORG 
ORTTAB FOB 

FOB 

FOB 

FOB 

FOB 

FOB 



FDB 
FDB 



END 



$1020 start of table 

$65,$50 RO, R1 - total & H displayed 

$56,$09 R2, R3 - pos. & HS width 

$18,$0A R4, R5 - V total & V total adj. 

$18,$18 R6, R7 - V displayed & VS pos. 

$00,$0B R8, R9 - Interlace & Max scan line 

$00,$0B R10,R11 - Cursor start & end 

$0080 R12,R13 - Start Address 

$0080 R14,R15 - Cursor Address 



ORTOL 0004 ORTOAD 9000 ORTORG 9001 ORTTAB 1020 
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Table 7 Values Programmed into CRTC Registers 



Reg.# 


Register Name 


Value 


Programmed 
Value 


RO 


Horizontal Total 


Nht + 1 


Nht 


R1 


Horizontal Displayed 


Nhd 


Nhd 


R2 


Horizontal Sync Position 


Nhsp 


Nhsp 


R3 


Horizontal Sync Width 


Nhsw 


Nhsw 


R4 


Vertical Total 


Nvt + 1 


Nvt 


R5 


Vertical Scan Line Adjust 


Nad] 


Nad) 


R6 


Vertical Displayed 


Nvd 


Nvd 


R7 


Vertical Sync Position 


Nvsp 


Nvsp 


R8 


Interlace Mode 






R9 


Max. Scan Line Address 


Ns. 


Ns. 


R10 


Cursor Start 


1 




R11 


Cursor End 


3 




R12 


Start Address (H) 







R13 


Start Address (L) 







R14 


Cursor (H) 







R15 


Cursor (L) 
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Figure 14 Cursor Timing Diagram 
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*Timing is shown for non-interlace and interlace sync modes. 
Example shown has cursor programmed as 
Cursor Register = N^^^^ + 2 
Cursor Start = 1 
Cursor End = 3 
**The initial MA is determined by the contents of start address register, 
R12/R13. Timing is shown for R12/13 = 
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Figure 15 Refresh Memory Addressing (IVJAq- IVIA13) Timing Diagram 
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Note 1: The initial MA is determined by the contents of start register, R12/R13. Tinning is shown for R12/R13=0. Only non-interlace and interlace 
sync nnodes are shown. 



Figure 16 CRTC Bus Timing Test Load 
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Figure 17 CRTC Timing Diagram 
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Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2,0 volts unless othenwise noted. 



Figure 18 CRTC Clock, Memory Addressing, and Light Pen Timing Diagram 



tcf-^ 



•ZX 
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' When the CRTC detects the rising edge of LDSTB in 
this period, the CRTC sets the refresh memory 
address 'M + 2' into the LIGHT PEN REGISTER. 



^LPD1'^LPD2- P®'''0<^ 0^ uncertainty for the refresh memory address. 



Note: Timing measurements are referenced to and from a low voltage of 0.8 volts, and a high voltage of 2.0 volts, unless otherwise noted. 
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Timing Characteristics 

The signal timing for the CRTC bus is shown in figure 19; 
ac characteristics for the bus timing are given in table 8, 
and for the CRTC timing in table 9. 



Figure 19 CRTC Bus Timing Diagram 
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Notes: 

1. Voltage levels shown are Vl<0.4 V, V,^ >2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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Table 8 CRTC Bus Timing Characteristics 



ident. 
Number 


Characteristic 


Symbol 


F6845/ 

F6845A 

Min Max 


F68A46/ 

F68A45A 

Min Max 


F68B45/ 

F68B45A 

Min Max 


Unit 


1 


Cycle Time 


V 


1.0 10 


0.67 10 


0.5 10 


MS 


2 


Pulse Width, E Low 


PWel 


430 9500 


280 9500 


210 9600 


ns 


3 


Pulse Width, E High 


PWeh 


450 9500 


280 9500 


20 500 


ns 


4 


Clock Rise and Fall Time 


tptf 


- 25 


- 25 


- 20 


ns 


9 


Address Hold Time (RS) 


tAH 


10 - 


10 - 


10 - 


ns 


13 


RS Setup Time Before E 


Us 


80 - 


60 - 


40 — 


ns 


14 


R/W and CS Setup Time Before E 


tcs 


80 - 


60 - 


40 - 


ns 


15 


R/W and CS Hold Time 


tcH 


10 - 


10 - 


10 - 


ns 


18 


Read Data Hold Time 


^DHR 


20 50« 


20 50» 


20 50« 


ns 


21 


Write Data Hold Time 


*DHW 


10 - 


10 - 


10 - 


ns 


30 


Peripheral Output Data Delay Time 


*DDR 


- 290 


- 180 


150 


ns 


31 


Peripheral Input Data Setup Time 


^DSW 


165 - 


80 — 


60 - 


ns 



• The data bus output buffers are no longer sourcing or sinking current by tpHR iriax (high Impedance). 
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Table 9 CRTC Timing Characteristics 


Characteristic 


Symbol 


Min 


Max 


Unit 


Minimum Clock Pulse Width, Low 


PWCL 


160 


— 


ns 


Minimum Clock Pulse Width, High 


PWCH 


200 


— 


ns 


Clock Frequency 


fc 


— 


2.5 


MHz 


Rise and Fall for Clock Input 


tcotcf 


— 


20 


ns 


Memory Address Delay Time 


tMAD 


— 


160 


ns 


Raster Address Delay Time 


tRAD 




160 


ns 


Display Timing Delay Time 


toTD 




300 


ns 


Horizontal Sync Delay Time 


tHSD 


— 


300 


ns 


Vertical Sync Delay Time 


tvSD 


— . . 


300 


ns 


Cursor Display Timing Delay Time 


tCDD 


— ■ 


300 


ns 


Light Pen Strobe Minimum Pulse Width 


PWlph 


100 


— 


ns 


Light Pen Strobe Disable Time 


^LPDI 


— 


120 


ns 




tLPD2 


_ 





ns 



Note: The light pen strobe must fall to low level before the VSYNC pulse rises. 



DC Characteristics 

The DC characteristics for the F6845 CRTC are presented in table 10. 



Table 10 CRTC DC Characteristics (Vcc = 5.0 V 


± 5%, Vss 


= OX to /OX, unless otherwise noted.) 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Condition 


V,H 


Input High Voltage 


2.0 




Vcc 


V 




V|L 


Input Low Voltage 


-0.3 


— 


0.8 




V 


l|N 


Input Leakage Current 


— 


1.0 


2.5 


mA 




iTSI 


Three-State (Vqc = 5.25 V) 
(V,N = 0.4 to 2.4 V) 


-10 


2.0 


lO 


mA 




Vqh 


Output High Voltage 
Oioad = -205mA) 
(lload = -IOOmA) 


2.4 
2.4 


- 


- 


V 


D0-D7 

Other Outputs 


Vol 


Output Low Voltage 
(lload = 1-6 mA) 


— 


— 


0.4 


V 




Pd 


Power Dissipation 


— 


600 


— 


mW 




Qn 


Input Capacitance 


- 


- 


12.5 
10 


PF 


D0-D7 
Air others 


Cqut 


Output Capacitance 


— 


— 


10 


PF 


All Outputs 
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Absolute Maximum Ratings 

Stresses greater than those indicated may cause perma- 
nent damage to the device. These stress ratings only, and 
functional operation of the F6845 under these or any other 
conditions above those indicated In this data sheet is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

Supply Voltage - 0.3 V, + 7.0 V 

Input Voltage -0.3 V, +7.0V 
Operating Temperature O^C, + ZO'C 

Storage Temperature -55'C, +150X 



Ordering Information 

Speed Order Code Temperature Range 

1.0 MHz F6845P,S O^'C to +70X 

F6845AP,S 

F6845CP,CS - 40*^0 to + 85X 

F6845ACP,CS 

1.5 MHz F68A45P,S OX to -i- 70''C 

F68A45AP,S 

F68A45CP,CS - 40X to + 85X 

F68A45ACP,CS 

2.0 MHz F68B45P,S O^C to + 70X 

F68B45AP,S 
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F6846 
ROM-I/O-Timer 



Microprocessor Product 



Description 

The F6846 combination chip provides the means, in 
conjunction with the F6802, to develop a basic 2-chip 
microcomputer system. The F6846 consists of 2048 
bytes of mask-programmable Read Only Memory (ROM), 
an 8-bit bidirectional data port with control lines, and a 
16-bit programmable timer-counter. 

This device is capable of interfacing with the F6802 
(basic F6800, clock and 128 bytes of RAM) as well as the 
F6800 if desired. No external logic is required to 
interface with most peripheral devices. 

• 2048 8-Bit Bytes of Mask-Programmable ROM 

• 8-Bit Bidirectional Data Port for Parallel Interface Plus 
Two Control Lines 

• Programmable Interval Timer-Counter Functions 

• Programmable I/O Peripheral Data, Control, and 
Direction Registers 

• Compatible with the Complete F6800 Microcomputer 
Product Family 

• TTL-Compatible Data and Peripheral Lines 

• Single 5 V Power Supply 



Logic Symbol 



Ao Ai A2 A3 A4 As Ae A? As A9 A10 
CSo 
CSi 

R/W CTO 

CTG F6846 

CTC 

RESET IRQ 

E 
CPi 

CP2 Do-D7 P0-P7 



1 V V 



Vcc=P'n29 




Connection Diagram 
40-Pin DIP 



Pin Names 




E 


Enable (Clock System 02) Input 


A0-A10 


Address Inputs 


CSo, CSi 


Chip Select Inputs 


R/W 


Read/Write Input 


CTG 


Counter Gate Input 


CTC 


External Clock Input 


RESET 


Reset Input 


CPi 


Peripheral Interrupt Input 


CP2 


Bidirectional Peripheral Control 


D0-D7 


Bidirectional Data Lines 


P0-P7 


Bidirectional Peripheral Data Lines 


CTO 


Counter Timer Output 


IRQ 


Interrupt Request Output 




40 


HA. 


39 


I] A, 


38 


ZJaio 


37 


H RESET 


36 


I] IRQ 


35 


^CPa 


34 


I]CP, 


33 


UAo 


32 


=IA1 


31 


Z|A2 


30 


I] A3 


29 


^Vcc 


28 


I1-7 


27 


Z|Pe 


26 


Hp= 


25 


=IP4 


24 


ZlP3 


23 


■3'^ 


22 


ZIP- 


21 


ZlPo 



(Top View) 
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Typical Microcomputer 




Blocic Diagram 
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Functional Description 

The F6846 combination chip may be partitioned into 
three functional operating sections: programmed storage, 
timer-counter functions, and a parallel I/O port. 

Programmed Storage 

The mask-programmable ROM section is similar to other 
ROM products of the F6800 family. The ROM is 
organized in a 2048 by 8-bit array to provide read-only 
storage for a minimum microcomputer system. Two 
mask-programmable chip selects are available for user 
definition. 

Address inputs A0-A10 allow any of the 2048 bytes of 
ROM to be uniquely addressed. Bidirectional data lines 
(D0-D7) allow the transfer of data between the MRU arid 
the F6846. 

Timer-Counter Functions 

Under software control, this 16-bit binary counter may be 
programmed to count events, measure frequencies and 
time intervals, or similar tasks. It may also be used for 
square wave generation, single pulses of control 
duration and gated delayed signals. Interrupts may be 
generated, from a number of conditions selectable by 
software {Programming. 

The Timer/Counter Control Register allows control of the 
interrupt enable, output enable and selection of an 
internal or external clock source, a divide-by-eight 
presc aler, and operating mode. The Counter-Timer Clock 
(CTC) will accept an asynchronous pulse to decrement 
the internal register for the counter-timer. If the divide- 
by-eight prescaler is used, the maximum clock rate can 

be four times the master clock frequency with an 

absolute maximum of 4 HMz. Counter Gate input (CTG) 
accepts an asynchronous TTL-compatible signal that 
may be used as a trigger or gating function to the 
counter-timer. The Counter Timer Output (CTO) is also 
available and is under software control, being dependent 
on the timer control register, the gate input, and the 
clock source. 

Parallel I/O Port 

The parallel bidirectional I/O port has functional 
characteristics similar to the B port on the F6821 PIA. 
This includes eight bidirectional data lines and two 
handshake control signals. The control and operation of 
these lines are completely software programmable. 
Internal registers associated with the I/O functions may 
be selected with Ao, Ai and A2. 

The Peripheral Interrupt input (CPi) will set the interrupt 
flag (CSRi) of the Composite Status Register. The 



Peripheral Control (CP2) may be programmed to act 
as an interrupt input (set CSR2) or as a Peripheral 
Control output. 



Pin Functions 

Bus Interface 

The F6846 interfaces to the F6800 bus via an 8-bit 
bidirectional data bus, two chip select lines, a read/write 
line, and 11 address lines. These signals, in conjunction 
with the F6800 VMA Output, permit the MRU to control 
the F6846. 

Bidirectional Data Bus (D0-D7) 

The bidirectional data lines (D0-D7) allow the transfer of 
data between the MRU and the F6846. The data bus 
output drivers are 3-state devices that remain In the high- 
impedance (OFF) state except when the MRU performs 
an F6846 register or ROM read (R/W HIGH and I/O 
registers or ROM selected). , 

Chip Select (CSo, CSi) 

The CSo and CSi inputs are used to select the ROM or 
I/O timer of the F6846. They are mask programmed to be 
active HIGH or active LOW as specified by the user. 

Address (A0-A10) 

The Address inputs allow any of the.2048 bytes of ROM 
to be uniquely selected when the circuit is operating in 
the ROM mode. In the l/0-Timer mode, Address inputs 
Ao, Ai and A2 select the proper I/O register, while A3 
through A10 (together with CSo and CSi) can be used as 
additional qualifiers in the I/O select circuitry. (iSee the 
section on l/0-Timer Select Circuitry for additional 
details.) 




Reset (RESET) ^ 

The active LOW state of the RESET input is used to 
initialize all register bits in the I/O section of the device 
to their proper values. (See the section on Initialization 
for timer and peripheral register reset conditions.) 

Enable (E) 

This signal synchronizes data transfer between the MRU 

and the F6846. It also performs an equivalent 

synchronization function on the External Clock, RESET 
and Counter Gate Inputs of the F6846 timer section. 

Read/Write (R/W) 

This signal is generated by the MRU and is used to 
control the direction of data transfer on the bidirectional 
data lines. A LOW level on the R/W input enables the 
F6846 input buffers and data is transferred to the circgit 
during the (j)2 pulse when the part has been selected. A 
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HIGH level on the RA/V Input enables the output buffers 
and data is transferred to the MPU during (f>2 when the 
part Is selected. 

Interrupt Request (IRJQ) 

The active LOW IRQ output acts to Interrupt the MPU 
through logic Included on the F6846. This output utilizes 
an open drain configuration and permits interrupt 
request outputs from other circuits to be connected In a 
wIre-OR configuration. 

Peripheral Data (P0-P7) 

The Peripheral Data lines can be Individually 
programmed as either inputs or outputs via the 
Peripheral Data Direction Register. When programmed as 
outputs, these lines will drive two standard TTL loads 
(3.2 mA). They are also capable of sourcing up to 1.0 mA 
at 1.5 V (logic HIGH output). 

When programmed as inputs, the output drivers 
associated with these lines enter a 3-state (high- 
impedance) mode. Since there is no internal pull-up for 
these lines, they represent a maximum 10 ^A load to the 
circuitry driving them, regardless of logic state. 



A logic LOW at the RESET input forces the Peripheral 
Data lines to the input configuration by clearing the 
Peripheral Data Direction Register. This allows the 
system designer to preclude the possibility of having a 
peripheral data output connected to an external driver 
output during power-up sequence. 

Peripheral Interrupt (CPi) 

Peripheral Interrupt input CPi sets the interrupt flags of 
the Composite Status Register. The active transition for 
this signal is programmed by the Peripheral Control 
Register for the parallel port. CPi may also act as a 
strobe for the Peripheral Data Register when it is used 
as an input latch. Details for programming CPi are in the 
section on the parallel peripheral port. 

Peripheral Control (CP2) 

Peripheral Control CP2 may be programmed to act as an 
Interrupt Input or Peripheral Control output. As an Input, 
this line has high impedance and is compatible with 
standard TTL voltage levels. As an output, it is TTL- 
compatible and may be used as a source of 1 mA at 
1.5 V to directly drive the base of a Darlington transistor 
switch. CP2 is programmed by the Peripheral Control 
Register. 

Counter Timer (CTO) 

The Counter Timer output Is software programmed by 
selected bits in the Counter/Timer Control Register. The 
mode of operation is dependent on the Counter/Timer 



Control Register, the Counter Gate input, and the clock 
source. The output is TTL compatible. 

External Clock (CTC) 

CTC will accept asynchronous TTL voltage level signals 
to be used as a clock to decrement the timer. The HIGH 
and LOW levels of the external clock must be stable for 
at least one system clock period plus the sum of the set- 
up and hold times for the inputs. The asynchronous 
clock rate can vary from dc to the limit imposed by 
system 02, set-up and hold times. 

The External Clock input is clocked in by enable (system 
02) pulses. Three enable periods are used to synchronize 
and process the external clock. The fourth enable pulse 
decrements the internal counter. This does not affect the 
input frequency; it merely creates a delay between a 
clock input transition and internal recogn ition of that 
transition by the F6846. All references to CTC inputs in 
this document relate to internal recognition of the input 
transition. Note that a clock transition that does not 
meet set-up and hold-time specifications may require an 
additional enable pulse for recognition. 

When observing recurring events, a lack of synchroni- 
zation will result in either system jitter or input jitter 
being observed on the output of the F6846 when using 
an asynchronous clock and gate input signal. System 
jitter Is the result of input signals out of synchronization 
with the system 02 clock (Enable), permitting signals 
with marginal set-up and hold time to be recognized 
within either the bit-time nearest the input transition or 
subsequent bit-time. 

Input jitter can be as great as the time between input 
signal negative-going transitions plus the system jitter if 
the first transition is recognized during one system 
cycle, and not recognized the next cycle or vice-versa. 



RECOG 
INPUT 



.J 



V 
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Coun ter Gate (CTG) 

CTG accepts an asynchronous TTL-compatible signal 
which is used as a trigger or a clock-gating function to 
the tinner. The gating input is clocked into the F6846 by 
the Enable (system 02) signal in the same manner as the 
previously discussed clock inputs. A CTG transition is 
recognized on the fourth enable pulse, provided set-up 
and hold tim e req uirements are met. The HIGH or LOW 
levels of the CTG input must be stable for at least one 
system clock period plu s the sum of set-up and hold 
times. All references to CTG transition in this document 
relate to internal recognition of the input transition. 

The CTG input of the timer dire ctly a ffects the internal 
16-bit counter. The operation of CTG is therefore 
independent of the divide-by-eight prescaler selection. 



Functional Select Circuitry 



Memory mapping the I/O can be accomplished by using 
one of the CS inputs to select between ROM and I/O, 
applying the F6802 VMA output to the other CS 
(programmed active HIGH) and using the Address lines 
to decode Address fields. 



jHDhi. 



Ao-Ais 
Vma 



RAM 
(0000-0075) 



I/O (0200) 
F6850 



A9>^ A6, 



CSo CSi A0-A10 
CSo Active HIGH 

I I/O I ROM I ROM (8000) 
CSi L H I "O (OXCO) 



Ae Active HIGH 
As Active HIGH 
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I/O (0100) 
F6820 
CSo 
RSo RSi CSi CS2 



Ao jAi^Aa jAe 



w Aiv Asy Aey 
)\ Ai\ A7S AeS 



l/0-Tlmer Select Circuitry 

CSo and CSi are user programmable. Any of the four 
binary combinations of CSo and CSi can be used to 
select the ROM. Likewise, any other combination can be 
used to select the l/0-Timer. In addition, several Address 
lines are used as qualifiers for the l/0-Timer. 
Specifically, A3 = A4 = A5 = logic L. Ae can be 
programmed to an H, L, or don't care (X). A7 = As - Ag 
= A10 = don't care or one line only may be programmed 
to a logic H. The available chip select options are 
diagramed below. 




T>- 



I/O 
SELECT 



Internal Addressing 

Seven I/O register locations within the F6846 are 
accessible to the MRU data bus. Selection of these 
registers is controlled by Ao, Ai, and A2 as shown in 
Table 1, provided the I/O timer is selected. CSp and CSi 
must be in the I/O state and the proper register address 
must be applied to access a particular register. The 
Composite Status Register is read only, where all other 
registers are read/write. 

Table 1 Internal Register Addresses 



Register Selected 


A2 


Ai 


Ao 


Composite Status Register 


L 


L 


L 


Peripheral Control Register 


L 


L 


H 


Peripheral Data Direction Register 


L 


H 


L 


Peripheral Data Register 


L 


H 


H 


Composite Status Register 


H 


L 


L 


Counter/Timer Control Register 


H 


L 


H 


Counter/Timer MSB Register 


H 


H 


L 


Counter/Timer LSB Register 


H 


H 


H 


ROM Address 


X 


X 


X 



L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 
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Initialization 



When the RESET input has accepted a LOW signal, ail 
registers are initialized to the reset state. The Peripheral 
Data Direction and Peripheral Data Registers are 
cleared. The Peripheral Control Register is cleared 
except for bit 7 (the reset bit). This forces the parallel 
port to the input mode with interrupts disabled. To 
remove the reset condition from the parallel port, an L 
must be written into the Peripheral Control Register 
bit 7 (PCR7). 

During initialization the counter latches are preset to 
their maximal count, the Counter/Timer Control Register 
bits are reset to L except for bit (TCRo is set), the 
counter output is cleared, and the counter clock 
disabled. This state forces the timer counter to remain in 
an Inactive state. The Composite Status Register is 
cleared of all interrupt flags. During timer initialization 
the reset bit (TCRo) must be cleared. 

ROM Select Circuitry 

The mask-programmable ROM section is similar in 
operation to other ROM products of the F6800 micro- 
processor family. The ROM is organized as 2048 words 
of 8-blts to provide read-only storage for a minimum 
microcomputer system. The ROM Is active when 
selected by the unique combination of the chip 
select Inputs. 

The active levels of CSo and CSi for ROM and I/O select 
are a user programmable option. Either CSo and CSi may 
be programmed active HIGH or active LOW, but different 
codes must be used for ROM or I/O select. CSo and CSi 
are mask programmed simultaneously with the ROM 
pattern. The ROM select circuitry is shown below. 
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Timer Operation 

The timer may be programmed to operate in modes 
which fit a wide variety of applications. The device is 
fully bus compatible with the F6800 system, and is 
accessed by load and store operations from the MPU. 

In a typical application, the timer will be loaded by 
storing two bytes of data into the counter latch. This 
data is then transferred into the counter during a counter 
initialization cycle. The counter decrements on each 
subsequent clock cycle (which may be system 02 or an 
external clock) until one of several predetermined 



conditions causes it to halt or recycle. Thus the timer is 
programmable, cyclic in nature, controllable by external 
inputs or MPU program, and accessible to the MPU at 
any time. 

Counter Latch Initialization 

The timer consists of a 16-bit addressable counter and 
two 8-bit addressable latches. The latches store a binary 
equivalent of the desired count value minus one. Counter 
initialization results in the transfer of the latch contents 
to the counter. It should be noted that data transfer to 
the counters is always accomplished via the latches. 
Thus, the counter latches may be accurately described 
as a 16-bit counter initialization data storage register. 

In some modes of operation, the initialization of the 
latches will cause simultaneous counter initialization 
(i.e., immediate transfer of the new latch data into the 
counters). It is, therefore, necessary to insure that all 16 
bits of the latches are updated simultaneously. Since the 
F6846 data bus is eight bits wide, a temporary register 
(MSB buffer register) is provided for the most significant 
byte of the desired latch data. This is a write-only 
register selected via Address lines Ao, Ai and A2. Data is 
transferred directly from the data bus to the MSB buffer 
when the chip is selected, R/W is LOW, and the timer 
MSB register is selected (Ao = L; Ai = A2 = H). 

The lower eight bits of the counter latch can also be 
referred to as a write-only register. Data bus information 
will be transferred directly tojhe LSB of a counter latch 
when the chip is selected, R/W is LOW and the Counter/ 
Timer LSB Register is selected (Ao = Ai = A2 = H). 
Data from the MSB buffer will be transferred 
automatically into the most significant byte of the 
counter latches simultaneously with the transfer of the 
data bus information to the least significant byte of the 
counter latch. For brevity, the conditions of this 
operation will be referred to henceforth as a write-timer- 
latclies command. 

The F6846 has been designed to allow transfer of two 
bytes of data Into the counter latches from any source, 
provided that the MSB is transferred first. In many 
applications, the source of the data will be an F6800 
MPU. It should therefore be noted that the 16-bit store 
operations of the F6800 family microprocessbrs (STS 
and STX) transfer data in the order required by the 
F6846. A store index register instruction, for example, 
results in the MSB of the X register being transferred to 
the selected address, then the LSB of the X register 
being written into the next higher location. Thus, either 
the index register or stack pointer contents may be 
transferred directly into either 8-bit latch with a single 
instruction. 



5-180 



F6846 



A logic L at the RESET input also initializes the counter 
latches. All latches will assume maximunn count (65,536) 
values. It is important to note that an internal reset (bit 
zero of the Counter/Timer Control Register set) has no 
effect on the counter latches. 

Counter Initialization 

Counter initialization is defined as the transfer of data 
from the latches to the counter with attendant clearing 
of the individual interrupt flag associated with the 
counter. Counter initializ ation a lways occurs when a 
reset condition (external RESET = L or TCRo = H) is 
recognized. It can also occur depending on the timer 
mode with a write-timer-latche s com mand or recognition 
of a negative transition of the CTG input. 

Counter recycling or reinitialization occurs when a clock 
input is recognized after the counter has reached an all 
L state. In this case, data is transferred from the latches 
to the counter, but the interrupt flag is unaffected. 

Counter/Timer Control Register 

The Counter/Timer Control Register (see Table 2) in the 
F6846 is used to modify timer operation to suit a variety 
of applications. The Counter/Timer Control Register has 
a unique address space (Ao = H, Ai = L, A2 = H) and 
therefore may be written into at any time. The least 
significant bit of this control register is used as an 
internal reset bit. When this bit is a logic L, all timers are 
allowed to operate in the modes prescribed by the 
remaining bits of the control registers. 

Writing H into Counter/Timer Control Register bit 
(TCRo) causes the counter to be preset with the contents 
of the counter latches, all counter clocks to be disabled, 
and the timer output and interrupt flag (status register) 
to be reset. The counter latch and Counter/Timer Control 
Register are undisturbed by an internal reset and may be 
written into regardless of the state of TCRq. 

Counter/Timer Control Register bit 1 (TCRi) is used to 
select the clock source. When TCRi = L, the external 
clock input CTC is selected, and when TCRi = H, the 
timer uses system 02. 

Counter/Timer Control Register bit 2 (TCR2) enables the 
divide-by-eight prescaler (TCR2 = H). In this mode, the 
clock frequency is divided by eight before being applied 
to the counter. When TCR2 = L the clock is applied 
directly to the counter. 



TCR3, TCR4, and TCR5 select the timer operating mode, 
and are discussed in the next section. 

Counter/Timer Control Register bit 6 (TCRe) Is used to 
mask or enable the timer interrupt request. When 
TCRe = L, the interrupt flag is masked from the timer. 
When TCRe = H, the interrupt flag is enabled into bit 7 
of the Composite Stat us R egister (composite IRQ bit), 
which appears on the IRQ output. 

Counter/Timer Control Register bit 7 (TCR7) has a special 
function when the timer is in the cascaded single-shot 
mode. (This function is explained in detail in the section 
describing the mode.) In all other modes, TCR7 merely 
acts as an output enable bit. If TCR7 = L, the Counter 
Timer Output (CTO) is forced LOW. Writing a logic L into 
TCR7 enables CTO. 




Table 2 


Counter/Timer Control Register Format 


Control 








Register 




Bit 


State 


Bit 


State 


Definition 


Definition 


TCRo 


L 


Internal Reset 


Timer Enabled 




H 




Timer in Preset State 


TCRi 


L 


Clock Source 


Timer uses External 

Clock (CTC) 

Timer uses </)2 System 




H 




Clock 


TCR2 


L 


•^8 Prescaler 


Clock is not 






Enabler 


Prescaled 

Clock is Prescaled by 




H 




-^8 Counter 


TCR3 


X 


Operating Mode 


See Table 3 


TCR4 


X 


Selection 




TCR5 


X 






TCRe 


L 


Timer Interrupt 


IRQ Masked from 






Enable 


Timer 




H 




IRQ Enabled from 
Timer 


TCR7 


L 


Timer Output 


Counter Output 






Enable 


(CTO) Set LOW 




H 




Counter Output 
Enabled 
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Interrupt Enable 
L = IRQ Masked 
H = IRQ Enabled 



Timer Output Enable 

L = Output Disabled (LOW) 

H = Output Enabled 



For Cascaded Single-shot 

L = Output Goes Low at Time-out 

H = Output Goes High at Time-out 



Internal Reset 

L = Timer Enabled 

H - Reset State 



Clock Source 

L = External Clock (CTC) 

H = Internal Clock (</>2) 



^8 Prescale Enable 

L = Clock Not Prescaled 

H = Clock Prescaled (-i- 8) 



TCR3 


TCR4 


TCRs 


Timer Operating Mode 


, Counter Initialization 


Interrupt Flag Set 




L 


L 


Continuous 


CTG 1 -f- W -f R 


T.O. 




L 


H 


Cascaded Single Shot 


CTG 1 + R 


T.O. 




H 


L 


Continuous 


CTG 1 -»■ R 


T.O. 




H 


H 


Normal Single Shot 


CTG 1 -»■ R 


T.O. 




L 


L 


Frequency Comparisori 


CTG 1 • 1 • (W + T.O.) + R 


CTG 1 Before T.O. 


H 


L 


H 


CTG 1 • 1 s- R 


T.O. Before CTG 1 


H 


H 


L 




CTG I • 1 -t- R 


CTG t Before T.O. 


H 


H 


H 




_ 


T.O. Before CTG t 



Timer Operating IVIodes 

The F6846 has been designed to operate effectively in a 
wide variety of applications. This is accomplished by 
using three bits of the Counter/Timer Control Register 
(TCR3, TCR4 and TCRs) to define different operating 
modes of the timer, outlined in Table 4. 

Table 4 Operating Modes 



Control Register 






TCR3 


TCR4 


TCR5 


Timer Operating Mode 


L 


* 


L 


Continuous 


L 


L 


H 


Single- 
shot 


Cascaded Single-shot 




H 


Normal Single-shot 


H 


L 


* 


Frequency Comparison 


H 


H 


* 


Pulse Width Comparison 



•Defines Additional Timer Functions 



L) 



Continuous Operating Mode (TCR3 = L, TCR5 

The timer may be programmed to operate in a 
continuous counting mode by v\/ritlng L into bits 3 and 5 
of the Counter/Timer Control Register. Assuming that the 



timer output is enabled (TCR? = H), a square wave will 
be generated at the Counter Timer Output CTG (see 
Table 5). 

Table 5 Continuous Operating Modes 
(TCR3 = L, TCR7 = H, TCR5 = L) 



Control 
Register 


Initialization/Output Waveforms 


TCR2 


TCR4 


Counter 


Timer Output (2X) 


L 


L 


Initialization 
G+ \N + R 


(n + 1)(T)(n + 1)(T)(n + 1)(T) 




1 1 1 1 "" 


L 


H 


G + R 


I I I I ""' 

to T.O. T.O. T.O. 



G 

W 
R 
N 
t 
to 
T.O. : 

Note 

All time Intervals shown above assume that the CTG and CTC signals are 
synchronized to system (j)2 mXh the specified set-up and hold time 
requirements. 



= Negative transition of CTG input 

= Whte-timer-latches command 

= Timer Reset (TCRo — H or External RESET = L) 

= 16-bit number in Counter Latch 

= Period of Clock input to Counter 

= Counter initialization cycle 
Counter Time-out (all L condition) 
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Either a Timer Reset (TCRo = H or External Reset = L) 
condit ion o r internal recognition of a negative transition 
of the CTG input results in counter initialization. A write- 
timer-latches command can be selected as a counter 
initialization signal by clearing TCR4. 

The discussion of the continuous mode has assumed 
that the application requires an output signal. It should 
be noted that the timer operates in the same manner 
with the output disabled (TCR? = L). A read-timer- 
counter command is valid regardless of the state 
of TCR7. 

Single-shot Timer Mode 

(TCR3 = L, TCR4 = H, TCR5 = H) 

This mode is identical to the continuous mode with two 
exceptions. The first of these is obvious from the 
name— the output returns to a LOW level after the initial 
time-out and remains LOW until another counter 
initialization cycle occurs. The internal counting 
mechanism remains cyclical in the single-shot mode. 
Each time-out of the counter results in the setting of an 
individual interrupt flag and reinitialization of the 
counter. 

The second major difference between the single-shot 
and continuous modes is that t he in ternal counter 
enable is not dependent on the CTG input level 
remaining in the LOW state for the single-shot mode. 

Normal Single-Shot Mode Output Waveform 

to * 



-(n + 1)- 



(n + 1)- 



-(n + 1)- 



H = Write an "H" into TCR7 
L = Write an "L" into TCR7 

Note 

All time intervals shown above assume the CTG and CTC signals are 
synchronized to system 02 with the specified set-up and hold time 
requirements. 



Cascaded Single-shot Mode 
(TCR3 = L, TCR4 = L, TCR5 = L) 

This mode is identical to the single-shot mode with two 
exceptions. First, the output waveform does not return to 
LOW level and remain LOW after time-out. Instead, the 
output level remains at its initialized level until it is 
reprogrammed and changed by time-out. The output level 
may be changed at any time-out or may have any number 
of time-outs between changes. 



The second difference is the method used to change the 
output level. Counter/Timer Control Register bit 7 (TCR?) 
has a special function in this mode. The Counter Timer 
Output (CTO) is equal to TCR? clocked by time-out. At 
every time-out the content of TOR? is clocked to and 
held at the CTO. Thus, output pulses of length greater 
than one timer cycle can be generated by cascading 
timer cycles and counting time-outs with a software 
program. 

An interrupt is generated at each time-out. To cascade 
timer cycles, the MRU would need an interrupt routine to: 
1) count each time-out and determine when to change 
TCR?; 2) write into TOR? the state corresponding to the 
next desired state of the output waveform (only 
necessary during the last timer cycle before the output 
is to change state); and 3) clear the interrupt flag by 
reading the Composite Status Register followed by the 
read timer MSB. It is also possible, if desired, to change 
the length of the timer cycle by reinitializing the timer 
latches. This allows more flexibility for obtaining 
desired times. 

Cascaded Single-shot Mode Output Waveform 



1^*— (n + 1) 




H = Write an "H" into TCR? 
L = Write an "L" into TCR? 

Note 

All time intervals shown above assume the CTG and CTC signals are 
synchronized to system 02 with the specified set-up and hold time 
requirements. 



Time Interval Modes (TCR3 = H) 

The time interval modes are provided for applications 
requiring more flexibility of interrupt generation and 
counter initialization. The interrupt flag is set in th ese 
modes as a function of both counter time-out and CTG 
input transition. Counter initialization is also affected by 
interrupt flag status. The output signal is not defined in 
any of these modes. Other features of the time interval 
modes are outlined in Table 6. 
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Table 6 Timer Interval Modes (TCR3 = H) 



TCR4 


TCR5 


Application 


Condition for Setting 
individual Interrupt Flag 


L 


L 


Frequency 
Comparison 


Interrupt generated if CTG 
input period (1/F) is less 
than counter time-out (T.O.) 


L 


H 


Frequency 
Comparison 


Interrupt generated if CTG 
input period (1/F) is greater 
than counter time-out (T.O.) 


H 


L 


Pulse Width 
Comparison 


Interrupt generated if CTG 
input ofown time is less 
than counter time-out (T.O.) 


H 




H 


Pulse Width 
Comparison 


Interrupt generated if CTG 
input down time is greater 
than counter time-out (T.O.) 



Frequency Comparison IVIode (TCR3 = H, TCR4 = L) 

The timer within the F6846 may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the CTG input with the time period 
requ ired for counter time-out. A negative transition of the 
CTG input enables the counter and starts a counter 
initialization cycle— provided that other conditions as 
noted in Table 7 are satisfied. The counter decrements 
on each clock signal recognized during or after counter 
initialization until an interrupt is generated, a write-timer- 
latches command is issued, or a timer reset condition 
occurs. It can be seen from Table 7 that an interrupt 



condition will be generated if TCR5 = L and the period 
of the pulse (single puls e or measured separately 
repetitive pulses) at the CTG input is less than the 
counter time-out period. If TCR5 =H, an interrupt is 
generated if the pulse period is greater than the 
time-out period. 

Assume now with TCR5 = H th at a counter Initialization 
has occurred and that the CTG input has returned LOW 
prior to counter time-out. Since there is no individual 
interrupt flag generated, this automatically starts a new 
counter initialization cycle. The process will continue 
with frequency comparison being performed on each 
CTG input cycle until the mode is changed, or a cycle is 
determined to be above the predetermined limit. 

Pulse Width Comparison Mode (TCR3 = H, TCR4 = H) 

This mode is similar to the frequency comparison mode 
except for the limiting factor bein g a positive, rather 
than a negative, transition of the CTG input. With 
TCR5 = L, an individual interrupt flag will be generated 
if the L level pulse applied to the CTG input is less than 
the time period required for counter time-out. With 
TCR5 = H, the interrupt is generated when the reverse 
condition is true. 

As c an be seen in Table 8, a positive transition of the 
CTG input disables the counter. With TCR5 = L, It is 
therefore possible to directly obtain the width of any 
pulse causing an interrupt. 



Table 7 Frequency Comparison Mode 



TCR3 = H, TCR4 = 


L 








Control Reg 
Bit 5 (TCR5) 


Counter Initialization 


Counter Enable 

Flip-Flop Set 

(CE) 


Counter Enable 
Fiip-Flop Reset 

(CE) 


Interrupt Flag 
Set(l) 


L 


G i .T.(CE -h TO . CE) -h R 


Gl W . R -T 


W -h R -Hi 


G i before TO 


H 


G i .T-H R 


G i W . R .1 


W -H R + 1 


TO before G i 



I represents the interrupt for a given timer. 
Table 8 Pulse Width Comparison Mode 



TCRa = H, TCR4 = 


H 








Control Reg 
Bit 5 (TCR5) 


Counter Initialization 


Counter Enable 
Flip-Flop Set (CE) 


Counter Enable 
Flip-Flop Reset (CE) 


Interrupt Flag 
Set(l) 


L 


G i .1 + R 


G i . W . R .1 


W + R + 1 -H G 


G I before TO 


H 


G i .1 + R 


G i t W. R .T 


W -H R -H 1 -H G 


TO before G ! 
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Differences Between the F6840 and the F6846 Timers 

1. Control Registers 1 and 3 are buried (access through 
Control Register 2 only) in the F6840 timer. In the 
F6846 all registers are directly accessible. 



1. Timer Reset— Internal Reset bit (TCRo = H) or 
External Reset = L 

2. Any Counter Initialization condition 



2. The F6840 has a dual 8-bit continuous mode for 
generating non-symmetrical waveforms. The F6846 
has a cascaded one-shot mode which can accomplish 
the same function, but also allows the user to 
generate waveforms longer than one time-out. 

3. Because of the different modes, there is a difference 
in the control registers between the F6840 and the 
F6846. (See Table 9). 

Composite Status Register 

The Composite Status Register (CSR) is a read-only 
register which is shared by the timer and the peripheral 
data port of the F6846. Three individual interrupt flags in 
the register are set directly via the appropriate 
conditions in the timer or peripheral port. The composite 
interrupt flag, and the IRQ output, respond to these 
individual interrupts only if corresponding enable bits are 
set in the appropriate control registers. The sequence of 
assertion Is not detected. Setting TCRe while CSRo is 
HIGH will cause CSR? to be set, for example. 

The composite interrupt flag (CSR?) is clear only if all 
enabled individual interrupt flags are clear. The 
conditions for clearing CSRi and CSR2 are detailed in a 
later section. The tinier interrupt flag (CSRo) is cleared 
under the following conditions: 

Table 9 F6840 and F6846 Control Register Comparison 



3. A write-timer-latches command if time interval modes 
(TCR3 = H) are being used. 

4. A read-timer-counter command, provided this is 
preceded by a read Composite Status Register while 
CSRo is set. This latter condition prevents missing an 
interrupt request generated after reading the status 
register and prior to reading the counter. 

The remaining bits of the Composite Status Register 
(CSR3-CSR6) are unused. They default to a logic L 
when read. 

Composite Status Register and Associated Logic 





Control Register Bit 


F6840 


F6846 


2 


16-bit or dual 8-bit mode control 


^8 prescale enable 


7 


Output enable (all modes) 


Output next state (cascaded one-shot 
mode only), output enable all other modes 





R1 internal reset 






R2 control register select 


Internal reset 




R3 timer 3 clock control 





Table 10 Composite Status Register Format 



1 CSR7 1 CSR3-CSR6 Not Used Default to L When Read | CSR2 | CSRi | CSRo | 


1 




1 






1 


Composite Interrupt Flag 

L = No Enabled Interrupt Flag Set 

H = One or More Enabled Interrupt Flags Set* 




CP2 Interrupt Flag 
L = No Int Req 






Timer Interrupt Flag 
L = No Int Req 
H = Int Requested 


Inverse of This Bit Appears at IRQ Output 












'Status of This Bit can be Expressed as: 

CSR7 = CSRo . TCRe + CSRi • PCRo + CSR2 + PCR3 




CPi Interrupt 
L = No Int Req 
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I/O Operation 

Parallel Peripheral Port 

The peripheral port of the F6846 contains eight 
Peripheral Data lines (P0-P7), two peripheral control lines 
(CPi and CP2), a Peripheral Data Direction Register, a 
Peripheral Data Register, and a Peripheral Control 
Register. The port also directly affects two bits (CSRi 
and CSR2) of the Composite Status Register. 

The peripheral port is similar to the "B" side of a PIA 
(F6821) with the following exceptions: 

1. All registers are directly accessible in the F6846. Data 
direction and peripheral data in the F6821 are located 
at the same address, with bit 2 of the control register 
used for register selection. 

2. Peripheral Control Register bit 2 (PCR2) of the F6846 
is used to select an optional input latch function. This 
option is not available with F6821 PIAs. 

3. Interrupt flags are located in the F6846 Composite 
Status Register rather than bits 6 and 7 of the control 
register as used in the F6821. 

4. Interrupt flags are cleared in the F6821 by reading 
data from the Peripheral Data Register. F6846 
interrupt flags are cleared by either reading or writing 
to the Peripheral Data Register provided that this 
sequence is followed: a. flag set, b. read Composite 
Status Register, c. read/write Peripheral Data 
Register. 

5. Bit 6 of the F6846 Peripheral Control Register is not 
used. Bit 7 (PCR7) is an internal reset bit not available 
on the F6821. 

6. The Peripheral Data lines (and CP2) of the F6846 
feature internal current limiting which allows them to 
directly drive the base of Darlington npn transistors. 

Peripheral Data Direction Register 

The MPU can write directly to this 8-bit register to 
configure the Peripheral Data lines as either inputs or 
outputs. A particular bit within the register (DDRn) is 
used to control the corresponding Peripheral Data line 
(Pn). With DDRn = U Pn becomes an input; if DDRn = H, 
Pn is an output. For example, writing Hex $0F into the 
Peripheral Data Direction Register results in Po through 
P3 becoming outputs and P4 through P7 inputs. Hex $55 
in the Peripheral Data Direction Register results in 
alternate output and inputs at the parallel port. 



Peripheral Data Register 

This 8-bit register is used for transferring data between 
the peripheral data port and the MPU. Any bit 
corresponding to an output line will be used to drive the 
output buffer associated with that line. Data in these 
output bits are normally provided by an MPU write 
function. (Input bits, those associated with input lines, 
are unchanged by a write command.) Any input bit will 
reflect the state of the associated input line if the input 
latch function is deselected. If the Peripheral Control 
Register is programmed to provide input latching, the 
input bit will retain the state at the time CPi was 
activated until the Peripheral Data Register is read by 
the MPU. 

Peripheral Control Register 

This 8-bit register is used to control the reset function as 
well as for selection of optional functions of the two 
peripheral control lines (CPi and CP2), The Peripheral 
Control Register functions are outlined in Table 11. 

Peripheral Port Reset (PCR7) 

Bit 7 of the Peripheral Control Register (PCR7) may be 
used to initialize the peripheral section of the F6846. 
When this bit is set HIGH, the Peripheral Data Register, 
the Peripheral Data Direction Register, and the interrupt 
flags associated with the peripheral port (CSRi and 
CSR2) are all cleared. Other bits in the Peripheral Control 
Register are not affected by PCR7. 



PCR7 is set by either a logic L at the external RESET 
input or under program control by writing an H into the 
location. In any case, PCR7 may be cleared only by 
writing an L into the location while RESET is HIGH. The 
bit must be cleared to activate the port. 

Control of Peripheral Interrupt Line (CPi) 

CPi may be used as an interrupt request to the F6846, 
as a strobe to allow latching of input data, or both. In 
any case, the input can be programmed to be activated 
by either a positive or negative transition of the signal. 
These options are selected via Peripheral Control 
Register bits PCRo, PCRi and PCR2. 

Peripheral Control Register bit (PCRo) is used to enable 
the interrupt transfer circuitry of the F6846. Regardless 
of the state of PCRo, an active transition of CPi causes 
the Composite Status Register bit 1 (CSRi) to be set. If 

PCRo = H, this interrupt will be reflected in the 

composite interrupt flag (CSR7), and thus at the IRQ 
output. CSRi is cleared by a peripheral port reset 
condition or by either reading or writing to the Peripheral 
Data Register after the Composite Status Register is 
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CP2 Direction Control 
L = CP2 Is Input 
H = CP2 Is Output 



Reset (Set by Ext. Reset = L or Writing 
H into Location; Cleared by 
Writing L to This Location) 

L = Normal Operation 

H = Reset Condition (Clears Periph 

Data and Data Direction Reg ± CSRi & CSR2) 







1 






CP2 Is Input (PCR5 = "0") 






PCR4 1 PCR3 






1 




1 




CP2 Active Edge Select 
L = Negative (1) Edge 
H = Positive (t) Edge 




CP2 Int. Enable 

L = CP2 Int. Masked 

H = CP2 Int. Enabled 



CPi Int. Enable 

L = CPi Int. Masked 

H = CPi Int. Enabled 



CPi Active Edge Select 
L = Negative (1) Edge 
H = Positive (t) Edge 



CPi Input Latch Control 

L = Input Data Not Latched 

H = Input Data Latched on Active CPi 



PCR4 


PCR3 


CP2 is Output (PCRs = H 


L 


L 


Interrupt Acknowledge 


L 


H 


Input/Output Acknowledge 


H 


LorH 


Programmable Output 
(CP2 Reflects Data 
Written into PCR3) 



read. The latter alternative is conditional; CSRi must 
have a logic H when the Composite Status Register was 
last read. This preculudes inadvertent clearing of 
interrupt flags generated between the tinne the 
Composite Status Register is read and the manipulation 
of peripheral data. 

Peripheral Control Register bit 1 (PCRi) is used to select 
the edge which activates CPi. When PCRi = H, CPi is 
active on negative transitions (HIGH-to-LOW). LOW-to- 
HIGH transitions are sensed by CPi when PCRi = H. 

In addition to its use as an interrupt input, CPi can be 
used as a strobe to capture input data in an internal 
latch. This option is selected by writing a HIGH into 
Peripheral Control Register bit 2 (PCR2). In operation, the 
data at the pins designated by the Peripheral Data 
Direction Register as inputs will be captured by an 
active transition of CPi. An MPU read of the Peripheral 
Data Register will result in the captured data being 
transferred to the MPU; it also releases the latch to 
allow capture of new data. Note that successive active 
transitions with no read-peripheral-data command 
between does not update the input latch. Also, it should 
be noted that use of the input latch function (which can 
be deselected by writing an L into PCR2) has no effect 
on output data. It also does not affect interrupt function 
of CPi. 



Control of Peripheral Control Line (CP2) 

CP2 may be used as an input by writing an L into PCR5. 
In this configuration, CP2 becomes a dual of CPi in 
regard to generation of interrupts. An active transition 
(as selected by PCR4) causes bit 2 of the Composite 
Status Register to be set. PCR3 is then used to select 
whether the CP2 transition is to cause CSR? to be set 
and, thereby, cause IRQ to go LOW. CP2 has no effect on 
the input latch function of the F6846. 

Writing an H into PCR5 causes CP2 to function as an 
output. PCR4 then determines whether CP2 is to be used 
in a handshake or programmable output mode. With 
PCR4 = H, CP2 will merely reflect the data written into 
PCR3. Since this can readily be changed under program 
control, this mode allows CP2 to be a programmable 
output line in much the same manner as those lines 
selected as outputs by the Peripheral Data Direction 
Register. 

The handshaking mode (PCR5 = H, PCR4 = L) allows 
CP2 to perform one of two functions as selected by 
PCR3. With PCRs = H, CP2 will go LOW on the first 
Enable (system 02) positive transition after a read or 
write to the Peripheral Data Register. This input/output 
acknowledge signal is released (returns HIGH) on the 
next positive transition of the enable signal. 
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In the interrupt acknowledge mode (PCR5 = H, 
PCR4 = PCR3 = L), CP2 is set when CSR2 is set by an 
active transition of CPi. It is released (goes LOW) on the 
first positive transition of Enable after CSRi has been 
cleared via an MPU read or write to the Peripheral Data 
Register. (Note that the previously described conditions 
for clearing CSRi still apply.) 

Restart Sequence 

A typical restart sequence for the F6846 will include 
initialization of both the Peripheral Control and 
Peripheral Data Direction Registers of the parallel port. It 
is necessary to set up the Peripheral Control Register 
first, since PCR7 = L is a condition for writing data into 
the Peri pheral D ata Direction Register. (A logic L at the 
external RESET input automatically sets PCR7). 



Absolute Maximum Ratings 

Supply Voltage, Vcc - 0.3 V, + 7.0 V 

Input Voltage, Vin - 0.3 V, + 7.0 V 

Operating Temperature, Ta OX, +70''C 

Storage Temperature, Tstg -SSX, + 150°C 

Thermal Resistance, </>ja 70°CA/V 



stresses greater than those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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Electrical Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = to +70°C unless otherwise noted 



Symbol 


Characteristic 


IVIin 


Typ 


IVIax 


Unit 


Condition 


VlH 


Input HIGH Voltage, All Inputs 


2.0 






V 




ViL 


Input LOW Voltage, All Inputs 


-0.3 




0.8 


V 




vos 


Clock Input HIGH 


Vcc -0.5 




Vcc +0.5 


V 






Clock Input LOW 


Vss -0.5 




Vss + 0.5 




VOH 


Output HIGH Voltage 
D0-D7 
Other Outputs 


2.4 
2.4 






V 


iLoad = -205 ^A 
iLoad = -200 fiA 


Vol 


Output LOW Voltage 
D0-D7 
Other Outputs 






0.4 
0.4 


V 


iLoad = 1.6 m A 
iLoad = 3.2 mA 


llN 


Input Leakage Current 
CPi, CTG, CTC, E 
A0-A10 




1.0 


2.5 


fiA 


ViN = to 5.25 V 




R/W, RESET, CSo, CSi 




Itsi 


3-State (OFF State) Input Current 
D0-D7, P0-P7, CP2 




2.0 


10 


/^A 


ViN = 0.4 to 2.4 V 


Iloh 


Output Leakage Current (OFF State) 
IRQ 






10 


fiA 


VoH = 2.4 V 


lOL 


Output LOW Current (Sinking) 
D0-D7 
Other Outputs 


1.6 
3.2 






mA 


Vol = 0.4 V 


lOH 


Output HIGH Current (Sourcing) 
D0-D7 

Other Outputs 
CP2, P0-P7 


-205 
-200 






nA 


VoH = 2.4 V 




1.0 




-10 


mA 


Vo = 1.5 V for driv- 
ing other than TTL 


Pd 


Power Dissipation 






1000 


mW 




C|N 


Input Capacitance 
E 

D0-D7 
All Other Inputs 






200 

12.5 

7.5 


PF 


ViN = 0, Ta = 25 X, 
f = 1.0 MHz 


COUT 


Output Capacitance 
P0-P7, CP2, CTO 
IRQ 






10 
5.0 


PF 


ViN = 0, Ta = 25 X, 
f = 1.0 MHz 


f 


Operating Frequency 


0.1 




1.0 


MHz 




tCYCE 


Clock Cycle Time, E 


1.0 






fxS 




tRL 


Clock RESET LOW Time 


2.0 






lis 




tiR 


Clock Interrupt Release Time 






1.6 


fiS 


Figure 5 
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Read/Wrlte Timing (Figures 1, 2) 


Symbol 


Characteristic 


MIn 


Typ 


Max 


Unit 


PWel 


Enable Pulse Width, LOW 


430 






ns 


PWeh 


Enable Pulse Width, HIGH 


430 






ns 


tAS 


Set-up Time (Address CSo, CSi, R/W) 


160 






ns 


tDDR 


Data Delay Time 






320 


ns 


tH 


Data Hold Time 


10 






ns 


tAH 


Address Hold Time 


10 






ns 


tEr, tEf 


Rise and Fall Time 






25 


ns 


tDSW 


Data Set-up Time 


195 






ns 


Bus Timing Peripheral I/O Lines (Figures 3, 4, 6, 7 and 11) 


Symbol 


Characteristic 


MIn 


Typ 


Max 


Unit 


tPDSU 


Peripheral Data Set-up 


200 






ns 


tpr, tpf 


Rise and Fall Times CPi, CP2 






1.0 


liS 


tcP2 


Delay Time E to CP2 Fall 






1.0 


lis 


IDC 


Delay Time I/O Data CP2 Fall 


20 






ns 


tRSI 


Delay Time E to CP2 Rise 






1.0 


fiS 


tRS2 


Delay Time CPi to CP2 Rise 






2.0 


fiS 


tPDW 


Peripheral Data Delay 






i.b 


fiS 


tpsu 


Peripheral Data Set-up Time for Latch 


100 






ns 


tPDH 


Peripheral Data Hold Time for Latch 


15 






ns 


Timer-Counter Lines (Figures 8, 9, and 10) 


Symbol 


Characteristic 


MIn 


Typ 


Max 


Unit 


tCr, tcf 


Input Rise and Fall Time, CTC and CTG 






100 


ns 


tpWH 


Input Pulse Width, HIGH (Asynchronous 
Mode) 


tcyc +250 






ns 


tpWL 


Input Pulse Width, LOW (Asynchronous Mode) 


tcyc +250 






ns 


tsu 


Input Set-up Time (Synchronous Mode) 


200 






ns 


thd 


Input Hold Time (Synchronous Mode) 


50 






ns 


tCTO 


Output Delay 






1.0 


/iS 
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Fig. 1 Bus Read Timing (Read Information from F6848) 

tcyc 



<*-PWeh— »H M— PWel-»- 



R/W, A, CS 



X2.0 V 



:c 



2.4 V 

> 

0.4 V 



Fig. 2 Bus Write Timing (Write Information from MPU) 



-^—PWeh-^ 
- L -i-2.0V 

:i! I \ 






V 
1.8 V 



X 



>y-20V W- 

/> -0 8V A 



Fig. 3 Peripheral Port Latch Set-up and Hold Time 




Fig. 4 Peripheral Data and CPa Delay 

(Control Mode PCR5 = H, PCR4 = U PCR3 = H) 



— 1^1 tPDW N- r« — tCP2 — 

P0-P7 I 



■♦— tRS1— ►! 
J _ 2.0 V 2.4 V-/- 

\ T 



CP2 goes LOW as the result of positive transition of yie second 02 pulse 

Fig. 5 IRQ Release Time 



--2.0V \ 



/ 



Fig. 6 Peripheral Port Set-up Time 



X2.0 V 
ILL. 



-1-2.0 V \ 

f V 



Fig. 7 CP2 Delay Time 

(PCR5 = H, PCR4 = L, PCR3 - L) 



-CTTn 



\ 



-/>- 



-fh 



-fh 



2.0 V- 

0.8 V 



r. 



1. 



-/>- 



r~\ 



- ^2.4 V 
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Fig. 8 Input Pulse Widths 



CTCOR 
CTG 



P 



Fig. 9 Input Set-up and Hold Times 




Note 

This mode is valid only for synchronous operation. 



Custom ROM Programming Information 

The customer's unique program code pattern may be 
submitted to Fairchild in several methods. The most con- 
venient and readily verifiable is in the form of 2708, 2716 
or 2732 EPROMs. Program code patterns may also be 
submitted on Fairchild Formulator MKIII floppy disks or 
on HP cassette tape in Formulator or MIKBUG* format. 

Customer Company Name 

Customer Contact Name 

Customer Part No. 

Address ■ 

Phone No. ': 

Fairchild Part No. 



Fairchild Use Only 

SLNo. 



Bid Control No. 

Field Sales Engineer 
Date Sent 



Fig. 10 Output Delay 



i°«^ \ I 






Customer Input Media 

D 2708 EPROM 

□ 2716 EPROM 

□ 2732 EPROM 
D HP Cassette 

□ Formulator Format 

Request for Return Media 

□ Listing 

D EPROM (include blank EPROMs) 



Fig. 11 Bus Timing Test Loads 



Load A 
(D0-D7, CTO, CP2, P0-P7) 



TEST POINT f 




Load B 
(IRQ Only) 



TEST POINT - 



Rom Select* 

CSo 

CSi 

I/O Select* 

CSo - 

CSi 

Ae 



.(may be unused 



Location Select (Select 1 only) 



A7 HIGH 
As HIGH 
A9 HIGH 
A10 HIGH 
Not used 



C = 130 pF for D0-D7 

= 30 pF for CTO, CP2, P0-P7 

R = 11.7 kQfor D0-D7 

= 24 kn for CTO, CP2, P0-P7 



*ROM and I/O Selects must be different. 
H = HIGH to Select 
L = LOW to Select 
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H M M M 



-/A- 



M-5 M-4 M-3 M-2 



1)lD(n-1)0 Dni Dno CKi CKq 



SOR 

Li Lo 



Start of record defined to be a colon(:) Ti To 



A3 A2 Ai Ao 



Length field defined to be the number 
of packed data bytes per record. Each 
record is (2 • L) + 11 characters in 
length inclusive of start of record 
Length implies end of relocatable 
module. 

Address Field 



Type field. 

D01 Doo-D(n)i D(n)o Data field. 

CKi CKo Checksum field defined to be nega- 

tive modulo 256 summation of all 
bytes since start of record. A 
summation of all characters in a 
record, including the checksum, 
will result in zero. 

All characters other than SOR are ASCII hexadecimal 

(0-9, A-F). 



MIKBUG Format 





/ 


Leader (Nulls) 

Frame 

1. Start-of-Record 


:;c 3C 
Header 
Record 




CC 31 

Qata 

i^ecord 




(CR) 


OD 


CC 39 


(LF) 
(NULL) 


OA 


End-of-File 


00 


Record 






53 


53 


s 


53 


S 


53 


S 




CC 


2. Type of Record 


30 





31 


1 


39 


9 






csum 




Byte Count 


31 
32 


12 


31 
36 


16 


30 
33 


G3 










Chec 
)unt *2 




Address/Size 


30 
30 
30 
30 


0000 


31 
31 
30 
30 


1100 


30 
30 
30 
30 








0000 


Frames of Tape 






ByteC 










10. 

Data 


34 
38 


48-11 


39 
38 


98 


46 
43 


FC (Checks 










34 
34 


44-D 


30 
32 

H 


32 










35 
32 


52-R 










ecksum) 






:^ 




41 
38 


A8(Ch 












n (Checksum) 


39 
45 


9E 




















Lx^ 











S 
CC 



start of record 
Type of record 



Byte Count Two frames equal one byte. Frames 3 
through n are hexadecimal digits (in 
7-bit ASCII) which are converted to BCD. 
Two BCD digits are combined to make 
one 8-bit byte. The checksum is the ones 
complement of the summation of 8-bit 
bytes. 
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Ordering Information 




Speed Order Code 


Temperature Range 


1.0 MHz F6846P, S 


0"C to +70°C 



Plastic Package; S= Ceramic Package 
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Video Display Generator 



Microprocessor Product 



Description 

The Fairchild F6847 Video Display Generator (VDG) provides a 
means of interfacing the Fairchild F6800 microprocessor family 
(or similar products) to a commercially available color or 
black-and-white television receiver. Applications of the VDG 
include video games, bioengineering displays, education, 
communications, and any instance in which graphics 
are required. 

The VDG reads data from memory and produces a composite 
video signal that allows the generation of alphanumeric or 
graphic displays. The generated composite video may be 
up-modulated to either channel 3 or 4 by using a suitable rf 
modulator. The up-modulated signal is suitable for application 
to the antenna of a color TV. Figure 1 illustrates a typical TV 
game application. 

• Generates Four Different Alphanumeric Display Modes 
and Eight Graphic Display Modes 

• Compatible With the F6800 Family 

• The Alphanumeric Modes Display 32 Characters per 
Line by 16 Lines. 

• An Internal Multiplexer Allows the Use of Either the 
Internal ROM or an External Character Generator. 

• An External Character Generator Can Be Used to Extend 
the Internal Character Set for "Limited Graphic" Shapes. 

• One Display Mode Offers 8-Color 64 x 32 Density 
Graphics in an Alphanumeric Display Mode. 

• One Display Mode Offers 4-Color 64 x 48 Density 
Graphics in an Alphanumeric Display Mode. 

• All Alphanumeric Modes Have a Selectable Video 
Inverse. 

• Generates Full Video Signal 

• Generates R-Y and B-Y Signals for External Color 
Modulator 

• Full Graphic Modes Offer 64 x 64, 128 x 64, 
128 X 96, 128 X 192, or 256 x 192 Densities. 

• Full Graphic Modes Allow 2-Color or 4-Color Data 
Structures. 

• Full Graphic Modes Use One of Two 4-Color Sets or One 
of Two 2-Color Sets. 



Logic Symbol 



21 


DAi2 


20 


DAii 


19 


DAic 


18 


DAg 


16 


DAs 


15 


DAy 


14 


DAe 


13 


DAs 


26 


DA4 


25 


DA3 


24 


DA2 


23 


DAi 



12 27 29 30 31 32 33 34 35 39 

n il I I I I I I 



MS GM2 GMiGMq WT/EXT INV CLK A/S A/G CSS 



DD5 

DD4 

DD3 

DDo 



CHB (t>B 0A 



RP FS HS 



I ? t Y 

10 11 28 36 37 38 



Connection Diagram 








40-Pin DIP 








VssC 


1 


W ,„ 


JDD. 


DDeC 


2 


39 


^ CSS 


DDoQ 


3 


38 


Hhs 


DD.C 


4 


37 


JFS 


DD2 [^ 


5 


36 


J HP 


DD3L 


6 


35 


^ A/G 


DD.c: 


7 


34 


J A/S 


ODs\Z 


8 


33 


^ CLK 


CHB \2 


9 


32 


]] INV 


.bC 


10 


31 


^ iNT/EXT 


^aC 


11 


30 


jGMo 


MSL 


12 


29 


Hgm. 


DA5C 


13 


28 


Dy 


DAe.L 


14 


27 


JGM2 


0A7C 


15 


26 


I] DA4 


DAslI 


16 


25 


JDA3 


VccQ 


17 


24 


I]DA2 


o^,C 


18 


23 


'^ DAi 


DA10L 


19 


22 


JdAo 


OAuC 


20 


21 


IIDA12 






(Top View) 
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Fig. 1 . Block Diagram of Use of the VDG in a TV Game 



r 



in 
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F6846 E 



Data 
Buffers 



i 



^ ^M^M^ ^ ^MMM ^ 



i 



Address 
Decode 



Game Paddles 



3.58 MHz rn 



i 



VDG 
F6847 



MS CLK <^B <t>A. Y 



RF 
Modulator 



Address 
Buffers 



I 



Mernory 
F2114 



Pin Functions 


Vcc 




Vss 




CLK 




DAo- 


-DA12 


DDo- 


-DD5 


DDe, DD7 



<t>A, 0B, Y 

CHB 
RP 

HS 



+5V 

Ground 

Color burst clock 3.58 MHz (input) 

Address lines to display nriemory, high 

impedance during memory select (MS) 

Data from display memory RAM or ROM 

Data from display memory in graphic mode; 

data also in alpha external mode; color data in 

alpha semigraphic-4 or -6 mode 

Chrominance and luminance analog (R-Y, B-Y, 

Y) output to rf modulator 

Chroma Bias; reference </)A and 06 levels 

Row Preset; output to provide timing for external 

character generator 

Horizontal Sync; output to provide timing for 

external character generator 



INV 
INT/EXT 



A/S 

MS 

A/G 
FS 

CSS 



GMq — GM2 



Inverts video in all alpha modes 

Switches to external ROM in alpha mode and 

between alpha semigraphic-4 and alpha 

semigraphic-6 in semigraphics mode 

Alpha/Semigraphics; selects between alpha and 

semigraphics in alpha mode 

Memory Select; forces VDG address buffers to 

high-impedance state 

Switches between alpha and graphic modes 

Field Synchronization; goes low at bottom of 

active display area 

Color Set Select; selects between two alpha 

display colors or between two color sets in 

semigraphics-6 and full graphics mode 

Graphic Mode Select; selects one of eight 

graphic modes 
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VDG Signal Descriptions 

Address Outputs (DAq - DA12) 

Thirteen address lines are used by the VDG to scan the display 
memory. The starting address of the display memory is located 
at the upper left corner of the display screen. As the television 
sweeps from left to right and top to bottom, the VDG 
increments the RAM display address. These lines are 
TTL-compatible and may be forced into a high-impedance state 
whenever the MS pin goes LOW. 

Data Inputs (DDq - DD7) 

Eight TTL-compatible data lines are used to input data from the 
RAM to be processed by the VDG. The data is interpreted and 
transformed into luminance Y (pin 28) and color outputs (/)A 
and <t)B (pin 11 and pin 10). 

Power Inputs 

Vcc requires +5 volts. Vss requires zero volts and is normally 
ground. (The tolerance and current requirements of the VDG 
are specified in the DC Characteristics table.) 

Video Outputs (<^A, 0B, Y, CHB) 

These four analog outputs are used to transfer luminance and 
color information to a standard NTSC color television receiver, 
either via the rf modulator or directly into Y, (/)A, and (/)B 
television video inputs. 

Luminance (Y) - This six-level analog output contains 
composite sync, blanking, and four levels of video 
luminance. 

<f)A - This three-level analog output is used in combination 
with the (f)B and Y outputs to specify one of eight colors. 

<f)B - This four-level analog output is used in combination 
with the cf)A and Y outputs to specify one of eight colors. 
Additionally, one analog level is used to specify the time of 
the color burst reference signal. 

Chroma Bias (CHB) - This pin is an analog output and 
provides a dc reference corresponding to the quiescent 
value of <^A and </)B. CHB is used to guarantee good 
thermal tracking and minimize the variation between the 
parts. 

Synchronizing Inputs (MS, CLK) 

Three-State Control (MS) - This is a TTL-compatible input 
that, when LOW, forces the VDG address lines into a 
high-impedance state. This may be done to allow other 
devices (such as an MRU) to address the display memory 
RAM. 

Clock (CLK) - The VDG clock input (CLK) requires a 
3.579545 MHz (standard) TV crystal frequency square 
wave. The duty cycle of this clock must be between 45 and 
55 percent since it controls the width of alternate dots on the 
television screen. 



Synchronizing Outputs (FS, HS, RP) 

Three TTL-compatible outputs provide circuits exterior to the 
VDG with timing references to the following internal VDG 
states: 

Field Sync (FS) - The HIGH-to-LOW transition of the FS 
output coincides with the end of active display area. During 
this time interval, an MRU may have total access to the 
display RAM without causing undesired_flicker on the 
screen. The LOW-to-HIGH transition of FS coincides with 
the trailing edge of the vertical synchronization pulse. 

Horizontal Sync (TIS) - The HIGH-to-LOW transition of the 
HS output coincides with the leading edge of the horizontal 
snyc pulse portion of the VDG luminance (Y) output. 

Row Preset (RP) - If desired, an external character 
generator ROM may be used with the VDG. In this 
configuration, an external 4-bit counter, used to supply row 
selection, is clocked by HS and cleared by the RP signal. 

Mode Control Inputs (A/G, A/S, iNT/EXT, GMq, GMi, GMg, 
CSS, INV) 

Eight TTL-compatible i nputs are used to control the operating 
mode of the VDG. A/S, INT/EXT, CSS and INV may be 
changed on a character-by-character basis. The CSS pin is 
used to select between two possible alphanumeric colors when 
the VDG is in the alphanumeric mode and between two color 
sets when the VDG is in the semigraphics-6 and full graphic 
mode. Table 1 illustrates the various modes that can be 
obtained using the mode contol lines. 

Display Modes 

The VDG is capable of generating 12 distinct display modes. 
The color set selection (CSS) and invert (INV) pins allow 
variations on certain modes. The VDG displays two 
alphanumeric modes with two compatible semigraphic modes 
or one of eight full graphic modes. A detailed description of the 
various modes of operation follows. A summary of major 
modes can be found in Table 2, and a detailed description of 
VDG modes can be found in Table 3. 

Alphanumeric Display Modes 

All alphanumeric modes occupy an 8 x 12 dot character matrix 
box; there are 32 x 16 character boxes per TV frame. Each 
horizontal dot (dot-clock) corresponds to one-half the period 
duration of the 3.58 MHz clock, and each vertical dot is one 
scan line. One of two colors for the lighted dots may be 
selected by the color set select pin. 

Internal Alphanumeric Mode - In the internal 
alphanumeric mode, an internal ROM will generate 64 ASCII 
display characters in a standard 5x7 box. Six bits of the 
8-bit data word are used for the ASCII character generator; 
the two bits not used can be used to implement inverse video 
or color switching on a character-by-character basis. A 
512-word display memory is required for this class of display. 
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External Alphanumeric Mode - In the external 
alphanumeric mode, an external character generator may be 
used to generate custom character sets of up to 256 
separate 8 x 12 dot characters, each defined by an 8-bit data 
word. If fewer than eight bits are used for character 
definition, the remaining bits may be used for inverse video 
selection or color switching on a character-by-character 
basis. This display mode also requires a 512-word display 
memory. 

Alpha Semigraphic-4 Mode - The alpha semigraphic-4 
mode translates bits through 3 into a 4 x 6 dot element in 
the standard 8 x 12 dot box. Three data bits may be used to 
select one of eight colors for the entire character box. The 
extra bit is available to implement mode switching on-the-fly. 
A 512-word display memory is required. A density of 64 x 32 
elements is available in the display area. The element area is 
four dot-clocks wide by six lines high. 

Alpha Semjgraphic-6 Mode - The alpha semigraphic-6 
mode maps six 4 x 4 dot elements into the standard 8x12 
dot alphanumeric box, providing a screen density of 64 x 48 
elements. Six bits are used to generate this map and two 
data bits may be used to select one of four colors in the 
display box. The element area is four dot-clocks wide by four 
lines high. 

Full Graphic Mode 

There are eight full graphic modes available from the VDG. 
These modes require 1 K to 6K bytes of memory. The eight full 
graphic modes include an outside color border in one of two 
colors, depending upon the color set select (CSS) pin. The 
CSS pin selects one of two sets of four colors in the four color 
graphic modes. 

The 64 X 64 Color Graphics Mode (Graphics One C) - 

The 64 X 64 color graphics mode generates a display matrix 
64 elements wide by 64 elements high. Each element may 
be one of four colors. A 1 K x 8 display memory is required. 
Each pictel equals four dot-clocks by three scan lines. 

The 128 X 64 Graphics Mode (Graphics One R) - The 128 

X 64 graphics mode generates a matrix 1 28 elements wide 
by 64 elements high. Each element may be either On or Off. 
However, the entire display may be one of two colors, 



selected by using the color set select pin. A 1 K x 8 display 
memory is required. Each pictel equals two dot-clocks by 
three scan lines. 

The 128 X 64 Color Graphics Mode (Graphics Two C) - 

The 128 X 64 color graphics mode generates a display matrix 
128 elements wide by 64 elements high. Each element may 
be one of four colors. A 2K x 8 display memory is required. 
Each pictel equals two dot-clocks by three scan lines. 

The 128 X 96 Graphics Mode (Graphics Two R) - The 128 

x 96 graphics mode generates a display matrix 128 elements 
wide by 96 elements high. Each element may be either On or 
Off. However, the entire display may be one of two colors, 
selected by using the color set select pin. A 2K x 8 display 
memory is required. Each pictel equals two dot-clocks by two 
scan lines. 

The 128 X 96 Color Graphics Mode (Graphics Three C) - 

The 128 X 96 color graphics mode generates a display 128 
elements wide by 96 elements high. Each element may be 
one of four colors. A 3K x 8 display memory is required. 
Each pictel equals two dot-clocks by two scan lines. 

The 128 X 192 Graphics Mode (Graphics Three R) - The 

128 X 192 graphics mode generates a display matrix 128 
elements wide by 192 elements high. Each element may be 
either On or Off, but the On elements may be one of two 
colors, selected with the color set select pin. A 3K x 8 display 
memory is required. Each pictel equals two dot-clocks by 
one scan line. 

128 X 192 Color Graphics Mode (Graphics Six C) - The 

128 X 192 color graphics mode generates a display 128 
elements wide by 192 element high. Each element may be 
one of four colors. A 6K x 8 display memory is required. 
Each pictel equals two dot-clocks by one scan line. 

The 256 x 192 Graphics Mode (Graphics Six R) - The 

256 X 192 graphics mode generates a display 256 elements 
wide by 192 elements high. Each element may be either On 
or Off, but the On elements may be one of two colors, 
selected with the color set select pin. A 6K x 8 display 
memory is required. Each pictel equals one dot-clock by one 
scan line. 
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Table 1 Mode Control Inputs 



F6847 



















A/G 


A/S 


INT/EXT 


INV 


GM2 


GMi 


GMo 


Alpha/Graphic Mode Selected 














X 


X 


X 


Internal Alphanumeric 











1 


X 


X 


X 


Internal Alphanumeric Inverted 








1 





X 


X 


X 


External Alphanumeric 








1 


1 


X 


X 


X 


External Alphanumeric Inverted 





1 





X 


X 


X 


X 


Alpha Semigraphic-4 





1 


1 


X 


X 


X 


X 


Alpha Semigraphic-6 




X 


X 


X 











64 X 64 Color Graphic 




X 


X 


X 








1 


128 X 64 Graphic 




X 


X 


X 





1 





128 X 64 Color Graphic 




X 


X 


X 





1 


1 


128 X 96 Graphic 




X 


X 


X 


1 








128 X 96 Color Graphic 




X 


X 


X 


1 





1 


128 X 192 Graphic 




X 


X 


X 


1 


1 





128 X 192 Color Graphic 




X 


X 


X 


1 


1 


1 


256 X 192 Graphic 




Table 2 Summary of Major Modes 



Title 


Memory 


Colors 


Display Elements 


Alphanumeric (Internal) 


512x8 


2 




Alphanumeric (External) 


512x8 


2 




Alpha Semigraphic-4 


512x8 


8 


Box- — "^^ Element 


Alpha Semigraphic-6 


512x8 


4 


Box — "ilF — -Element 


64 X 64 Color Graphic 


1Kx8 


4 


Matrix 64 x 64 
Elements 


128 X 64 Graphic* 


1Kx8 


2 


Matrix 128 
Elements Wide by 


128 X 64 Color Graphic 


2Kx8 


4 


64 Elements High 


128 X 96 Graphic* 


1.5Kx8 


2 


Matrix 128 
Elements Wide by 


128 X 96 Color Graphic 


3Kx8 


4 


96 Elements High 


128 X 192 Graphic* 


3Kx8 


2 


Matrix 128 
Elements Wide by 


128 X 192 Color Graphic 


6K X 8 


4 


192 Elements High 








Matrix 256 


256 X 192 Graphic* 


6Kx8 


2 


Elements Wide by 
192 Elements High 



'Graphic mode turns 
each element on or off. 
The color may be one 
of two. 
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Table 3 Detailed Description of VDG Ixodes 



VDG Pins 


Color 


MS 


A/G 


A/S 


INT/EXT 


GM2 


GMi 


GMo 


CSS 


INV 


Character Color I Background 


Border 


1 











X 


X 


X 








Green | Black 
Black 1 Green 


Black 
Black 


1 


1 





Orange ' Black 
Black 1 Orange 


1 


' 








1 


X 


X 


X 








Green Black 
Black 1 Green 


Black 


1 


1 





Orange . Black 
Black 1 Orange 


Black 


1 


1 





1 





X 


X 


X 


X 


X 


Lx C2 Ci Co Color 

X X X Black 
10 Green 
10 1 Yellow 
10 10 Blue 

1 1 1 Red 
110 Buff 

1 1 1 Cyan 

1110 Magenta 

1111 Orange 


Black 


1 





1 


1 


X 


X 


X 





X 


Lx Ci Co Color 

XX Black 

1 Green 
1 1 Yellow 
1 1 Blue 

1 1 1 Red 

XX Black 

1 0, Buff 

1 1. Cyan 
1 1 Magenta 
1 1 1 Orange 


Black 


1 


1 


1 


X 


X 














X 


Ci Co Color 
Green 

1 Yellow 

1 Blue 
1 1 Red 
Buff 

1 Cyan 

1 Magenta 
1 1 Orange 


Green 
Buff 


1 


1 




X 


X 








1 





X 


Lx Color 

Black 

1 Green 


Green 


1 


Black 

1 Buff 


Buff 


1 


1 


X 


X 





1 








X 


Same Color as 
Graphics One C 


Green 
Buff 


1 


1 


1 


X 


X 





1 


1 





X 


Same Color as 
Graphics One R 


Green 
Buff 


1 


1 


1 


X 


X 


1 











X 


Same Color as 
Graphics One C 


Green 
Buff 


1 


1 


1 


X 


X 


1 





1 





X 


Same Color as 
Graphics One R 


Green 
Buff 


1 


1 


1 


X 


X 


1 


1 








X 


Same Color as 
Graphics One C 


Green 
Buff 


1 


1 


' 


X 


X 


1 


1 


1 





X 


Same Color as 
Graphics One R 


Green 
Buff 


1 
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Table 3 Detailed Description of VDG Modes (Cont.) 



VDG Data Bus 



32 Characters 
in Columns 

16 Characters 
in Rows 



i 


r— .- 


12 Dots 







- 



:± 



Extra ASCII Code 



The internal alphanumeric mode uses an internal 
character generator that contains the following 
five dot by seven dot characters: @ ABCDEF 
GHIJKLI^NOPQRSTUVWXYZ [ ] j ^ SP 
!"#$%&'()• + , -./0123456789;;< = >?. The 6-bit 
ASCII code leaves two bits free; these may be 
externally connected to the mode pins (A/G, A/S, 
INT/EXT, GM2. Gl^i, GMq, CSS or INV). 



32 Characters 
in Columns 

16 Characters 
in Rows 



One Row of 
Custom Characters 



The external alphanumeric mode uses an exter- 
nal character generator as well as a row counter. 
Thus, custom character fonts are graphic symbol 
sets with up to 256 different 8 dot X 12 dot 
"characters" that may be displayed. 



64 Display Elements 
in Columns 



32 Display Elements 
in Rows 



1-3 


L2 


Li 


Lo 



One 
Element 



C2 Ci Co L3 L2 Li Lo 



The semigraphic-4 mode uses an internal 
"coarse graphics" generator in which a rectangle 
(8 dots by 12 dots) is divided into four equal parts. 
The luminance of each part is determined by a 
corresponding bit on the VDG data bus. The color 
of illuminated parts is determined by three bits. 



64 Display Elements 
in Columns 



48 Display Elements 
in Rows 



L5 


1-4 


1-3 


L2 


Li 


Lo 



Ci Co L5 L4 L3 L2 Li Lo 



The semigraphic-6 mode is similar to the 
semigraphic-4 mode with the following differ- 
ences. The 8 dot by 12 dot rectangle is divided 
into six equal parts. Color is determined by the 
two remaining bits. 



64 Display Elements 
in Columns 



64 Display Elements 
in Rows 



I Ci I Cq I Ci I Cq I Ci I Cq I Ci I Cq I 



The graphics one C mode uses a maximum of 
1024 bytes of display RAM in which one pair of 
bits specifies one picture element. 



128 Display Elements 
in Columns 



64 Display Elements 
in Rows 



Ly Le L5 L4 L3 L2 Li Lo 



The graphics one R mode uses a maximum of 
1024 bytes of display RAI*^ in which one bit 
specifies one picture element. 



128 Display Elements 
in Columns 
64 Display Elements 
in Rows 



I Ci I Co I Ci I Co I Ci I Co I CiTc^ 



The graphics two C mode uses a maximum of 
2048 bytes of display RAM in which one pair of bit 
specifies one picture element. 



128 Display Elements 
in Columns 
96 Display Elements 
in Rows 



L7 Lg L5 U L3 L2 Li Lo 



The graphics two R mode uses a maximum of 
1536 bytes of display RAM in which one bit 
specifies one picture element. 



128 Display Elements 
in Columns • 
96 Display Elements 
in Rows 



I Ci I Co I Ci I Co I Ci I Co I Ci I C^ 



The graphics three C mode uses a maximum of 
3072 bytes of display RAM in which one pair of 
bytes specifies one picture element. 



128 Display 
in Columns 
192 Display 
in Rows 



Elements 
Elements 



L7 Le L5 L4 L3 L2 Li Lo 



The graphics three R mode uses a maximum of 
3072 bytes of display RAM in which one bit 
specifies on picture element. 



128 Display 
in Columns 
192 Display 
in Rows 



Elements 
Elements 



I Ci I Co I Ci I Co I Ci I Co I Ci [c^ 



The graphics six C mode uses a maximum of 6144 
bytes of display RAM in which one pair of bit 
specifies one picture element. 



256 Display 
in Columns 
192 Display 
in Rows 



Elements 
Elements 



L7 Le 



I L7 I Le I L5 I L4 I L3 I Lg I Li I Lq I 



The graphics six R mode uses a maximum of 6144 
bytes of display RAM in which one bit specifies 
one picture element. 
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Absolute Maximum Ratings 

Supply Voltage, Vqc -0-3 V, +7.0 V 

Input Voltage, any Pin, V|n -0.3 V, +7.0 V 
Operating Temperature Range, T/^ 0°C, +70°C 

Storage Temperature Range, TsjG -65°C, +150°C 

Power Dissipation, Pp 945 mW 



stresses greater than those listed may cause permanent damage 
to the device. This is a stress rating only, and functional operation of ^e device 
under these or any other conditions above those indicated in the operational 
sections of this data sheet is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 



DC Characteristics Vqc = 5.0 V ±5%, Vss = 0.0 V, Ta = 0°C to +70°C, unless otherwise noted 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Conditions 


V|H 


Input HIGH Voltage 

CLK 

Other Inputs 


Vss + 2.4 
Vss + 2.0 




Vcc 
Vcc 


Vdc 




V|L 


Input LOW Voltage 

CLK 

Other Inputs 


Vss - 0.3 
Vss - 0.3 




Vss + 0.4 
Vss + 0.8 


Vdc 




lin 


Input Leakage Current 

CLK, GM0-GM2, INV, INT/EXT, MS, 

Vss, DD0-DD7, A/S, A/G 






2.5 


/xAdc 




Ilo 


Three-State (OFF State) Input 
Current DAo-DAi2 






10 


/LtAdc 




VOH 


Output HIGH Voltage 
RP, HS, FS 


2.4 






Vdc 


Ctoad = 30 pF 
'Load = -100/xA 


VOH 


Output HIGH Voltage 
DA0-DA12 


2.4 






Vdc 


CLoad = 55 pF 
iLoad = -^00 fiA 


Vol 


Output LOW Voltage 
RP, HS, FS, 






Vss + 0.4 


Vdc 


CLoad = 30 pF 
'Load = 1 -6 mA 


Vol 


Output LOW Voltage 
DA0-DA12 






Vss + 0.4 


Vdc 


CLoad = 55 pF 
'Load = 1 .6 mA 


'oh 


Output HIGH Current (Sourcing) 
All Outputs (Except (f)A, </)B, Y, 
and CHB) 


-100 






/xAdc 


VoH = 2.4V 


lOL 


Output LOW Current (Sinking) 
All Outputs (Except 0A, </>B, Y, 
and CHB 


1.6 






mAdc 


Vol = 0.4 Vdc 


C|N 


Input Capacitance 
All Inputs 






7.5 


PF 


V|N = 
Ta = 25°C 
f = 1.0 MHz 


Vr 


Chroma Bias Voltage 




0.3 Vcc 




Vdc 


CLoad = 20 pF 
RLoad = 200 kfl 
Vcc = 4.75 - 5.25 V 


•cc 


Supply Current 




90 


114 


mAdc 
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DC Characteristics (Cont.) 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Conditions 


VCc/>A 


Chroma 4>A Voltage 

Vhi 
Vo 
Vlo 




Vr + 0.1 Vcc 

Vr 

Vr - 0.1 Vcc 




Vdc 


CLoad = 20 pF 
RLoad = 200 kn 
See Figure 2 


VC(/)B 


Chroma 0B Voltage 

Vq 

VBurst 

Vlo 




Vr + 0.1 Vcc 

Vr 

Vr - 0.05 Vcc 

Vr - 0.1 Vcc 




Vdc 


CLoad = 20 pF 
RLoad = 200 ka 
See Figure 2 


Vy 


Luminance Y Voltage 

Vs 

Vblank 

Vblack 




0.2 Vcc 
0.75 Vs 
0.7 Vs 




Vdc 


CLoad = 20 pF 
RLoad = 200 kn 
See Figure 2 


VWL 
VwM 
VwH 


Voltage White Low 
Voltage White Medium 
Voltage White High 




0.62 
0.5 Vs 
0.38 Vs 




Vdc 


See Figure 2 



AC Characteristics Vcc = 5.0 V ±5%, Ta = 0°C to 70°C 



Symbol 


Characteristic 


mn 


Typ 


Max 


Unit 


Conditions 


f 
CLKdc 


CLK Frequency 
CLK Duty Cycle 


3.579535 

45% 


3.579545 
50% 


3.579555 

55% 


MHz 




tYA 
tVB 


Chroma Phase Delay 

(Measured with Respect to Y Output) 

</)A 

4>B 




200 
200 




ns 
ns 


See Figure 3C 


try 

tfy 


Luminance Rise Time 
Luminance Fall Time 




60 
50 




ns 
ns 


See Figure 3D 


trC</)A 
tfC(/)A 
trC^B 
tfCc^B 


Chroma Rise and Fall Times 
</)A Rise Time 
c/)A Fall Time 
ct)B Rise Time 
cf)B Fall Time 




60 
60 
60 
60 




ns 
ns 
ns 
ns 


See Figure 3D 


tWFS 


Field Sync (FS) Pulse Width 




14.6 




ms 


See Figure 3A 


tWRP 
tHSRP 


Row Preset (RP) 
Pulse Width 
Delay from HS 




0.98 
0.98 




/AS 

/xS 


See Figure 3B 


tWHS 


Horizontal Sync (HS) 




4.9 




/LtS 


See Figure 3B 
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Fig. 2 Video and Chrominance Relationships Output Waveform 



Sync p-| 
Blank i-J L 



End of 
Horizontal ■ 
Sync 



A/G » CSS 
A/G • CSS 



_ Active Video 
35.75 MS 



Right Border 



Jl_ 



A/G + A/G - CSS 

— n 



^ 



A/G« 
CSS 



/ (Burst is 
Removed 
for A/G • CSS • GMq) 



*HI A/G + A/G • CSS 



Yellow Blue 



Vlo A/G ^ CSS I I Green P 



1 L 

0A 



" I Cyan | 



Magenta Orange 



Fig. 3 Timing Diagrams 
a. Field Sync 



b. Row Preset 



1 



Leading Edge of 
Vert. Blanking 



■ twFS - 



Trailing Edge of 
Vert. Sync 



^u^ 



\ / • 



c. Chroma Phase Delay 



d. Video and Fall Times 





1\ 

tvA — ^ 


/ 




y 

T 








</>B 


J 1 


^tvB 



0A 



trC<4 ■ 



■ *fC<() 
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Ordering Information 



Order Code 


Temperature Range 


F6847P, S 


0°C to +70°C 



P = Plastic Package 
S = Ceramic Package 
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F6850/F68A50/F68B50 
Asynchronous 
Communications Interface 
Adapter (ACIA) 



Microprocessor Product 



Description 

The F6850 Asynchronous Communications Interface Adapter 
(ACIA) provides the data formatting and control to interface 
serial asynchronous data communications information to 
bus-organized systems, such as the F6800 microprocessing 
unit (MPU). 

The bus interface of the F6850 includes select, enable read/write, 
interrupt, and bus interface logic to allow data transfer over an 
8-bit bidirectional data bus. The parallel data of the bus system is 
serially transmitted and received by the asynchronous data 
interface, with proper formatting and error checking. The 
functional configuration of the ACIA is programmed via the data 
bus during system initialization. A programmable control register 
provides variable word lengths, clock division ratios, transmit 
control, receive control, and interrupt control. For peripheral or 
modem operation, three control lines are provided. These lines 
allow the ACIA to interface directly with a 0-600 bps modem. 

• 8- and 9-Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun, and Framing Error Checking 

• Programmable Control Register 

• Optional -^1, -7-16, and -^64 Clock Modes 

• Up to 1.0 Mbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One or Two Stop Bit Operation 



Logic Symbol 



22 21 20 19 18 17 16 15 

I I I I I I I 



CS2 



Pin Functions 

D0-D7 

Rx DATA 

RxCLK 

TxCLK 

CSq, CSi, 

RS 

CTS 

E__ 

R/W 

RTS 

Tx DATA 

IRQ 

DCD 



Bidirectional Data Lines 
Receive Data Input 
Receive Clock Input 
Transmit Clock Input 
Chip Select Inputs 
Register Select Input 
Clear-to-Send Input 
Enable Input 
Read/Write Input 
Request-to-Send Output 
Transmit Data Output 
Interrupt Request Output 
Data Carrier Detect Output 





Do Di D2 D3 


D4 


D5 De D7 




8 


CSo 




RTS 


0-5 


10 - — 


^^1 F6«" 


Tx DATA 


6 


9 — <3 


CS2 




IRQ 


0— 7 


11 


RS 




DCD 


>— 23 




Rx CLK Tx CLK CTS 


E 


R/W RxDATA 






T 








3 4 24 


14 


13 2 


vcc 
vss 


= Pin 12 
= Pin1 




Connection Diagram 
24-Pin DIP 










VssC 




^^ 


24 


jen 


Rx DATA [^ 






23 


:]Dco 


Rx CLK [^ 






22 


D°o 


Tx CLK [2 






21 


DOi 


RTSQ 






20 


U°2 


Tx DATA [^ 








2°^ 


iRQL: 








1". 


CSoL 








D^s 


cs^L 








1°> 


csiC 


10 






J°7 


RSC 








3^ 




vccl: 


12 




13 


"jRivi 





(Top View) 
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Block Diagram 


































ENABLE (E) 


1 












READ/WRITE (R/W) — ► 


CHIP 

SELECT 

AND 

READ/WRITE 

CONTROL 


















CLOCK 
GEN 


PARITY 
GEN 




CHIP SELECT (CSq) — ► 










CHIP SELECT 1 (CSi) — ► 






i 


1 




CHIP SELECT 2 (CS2) — ► 
REGISTER SELECT (RS) ► 




-A 


TRANSMIT 

DATA 
REGISTER 




TRANSMIT 

SHIFT 
REGISTER 


J 
















♦ 








DATA 

BUS 

BUFFERS 




TRANSMIT 
CONTROL 












* 


^^ 






Do -«- 


A 


STATUS 
REGISTER 










( 










Di -*^ 


SI 




* i 




















D2 -**- 


i 






INTERRUPT 
LOGIC 






D3 -*^ 






D4 -«- 






















Dg -«► 




















1 






\ 


CONTROL 
REGISTER 




D7 ^» 








k 












-•► 


RECEIVE 
CONTROL 




PARITY 
CHECK 






A-n^ 






M 








{ 




, 












RECEIVE 

DATA 
REGISTER 


V 


RECEIVE 

SHIFT 
REGISTER 








L 
























t 
















CLOCK 
GEN 




SYNC 
LOGIC 















































Functional Description 

At the bus interface, the ACIA appears as two addressable 
memory locations. Internally, there are four registers: two 
read-only and two write-only. The read-only registers are status 
and receive data; the write-only registers are control and 
transmit data. The serial interface consists of serial input and 
output lines with independent clocks, and three 
peripheral/modem control lines. 

Power On/Master Reset 

The master reset (CRq, CRi) should be set during system 
initialization to ensure the reset condition and prepare for 
programming the ACIA functional configuration when the 
communications channel is required. Control bits CR5 and CRg 
should also be programmed to define the state of the 
request-to-send (RTS) output whenever master reset is 
utilized. The ACIA also contains internal power-on reset logic to 
detect the power line turn-on transition and hold the chip in a 
reset state to prevent erroneous output transitions prior to 
initialization. This circuitry depends on clean power turn-on 
transitions. The power-on reset is released by means of the 
bus-programmed master reset, which must be applied prior to 
operating the ACIA. After master resetting the ACIA, the 
programmable control register can be set for a number of 
options, such as variable clock divider ratios, variable word 
length, one or two stop bits, and parity (even, odd, or none). 



Transmit 

A typical transmitting sequence consists of reading the ACIA 
status register either as a result of an interrupt or in turn in a 
polling sequence. A character may be written into the transmit 
data register if the status read operation has indicated that the 
transmit data register is empty. This character is transferred to 
a shift register, where it is serialized and transmitted from the 
transmit data (Tx DATA) output preceded by a start bit and 
followed by one or two stop bits. Internal parity (odd or even) 
can be optionally added to the character, and occurs between 
the last data bit and the first stop bit. After the first character is 
written in the data register, the status register can be read 
again to check for a transmit data register empty condition and 
current peripheral status. If the register is empty, another 
character can be loaded for transmission even though the first 
character is in the process of being transmitted (because of 
double buffering). The second character is transferred 
automatically into the shift register when the first character 
transmission is completed. This sequence continues until all 
the characters have been transmitted. 

Receive 

Data is received from a peripheral by means of the receive data 
(Rx DATA) input. A divide-by-one clock ratio is provided for an 
externally synchronized clock (to its data) while the divide-by-16 
and -64 ratios are provided for internal synchronization. Bit 
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synchronization in the divide-by-16 and -64 modes is initiated by 
the detection of 8 or 32 LOW samples, respectively, on the 
receive data line. False start bit deletion capability ensures that a 
full half bit of a start bit has been received before the internal clock 
is synchronized to the bit time. As a character is being received, 
parity (odd or even) is checked and the error indication made 
available in the status register along with framing error, overrun 
error, and receive data register full. In a typical receiving 
sequence, the status register is read to determine if a character 
has been received from a peripheral. If the receive data is full, the 
character is placed on the 8-bit ACIA bus when a read data 
command is received from the MPU. When parity has been 
selected for an 8-bit word (seven bits plus parity), the receiver 
strips the parity bit (Dy = 0) so that data alone is transferred to the 
MPU. This feature reduces MPU programming. The status 
register can be read again to determine when another character 
is available in the receive data register. The receiver is also 
double buffered so that a character can be read from the data 
register as another character is being received in the shift 
register. The above sequence continues until all characters have 
been received. 

Input/Output Functions 

The ACIA interfaces to the F6800 MPU through an 8-bit 
bidirectional data bus, three chip select lines, a register select 
line, an interrupt request line, read/write line, and enable line. 
These signals, in conjunction with F6800 VMA output, permit 
the MPU to have complete control over the ACIA. 

ACIA Bidirectional Data (Dq - Dy) 

The bidirectional data lines (D0-D7) allow for data transfer 
between the ACIA and the MPU. The data bus output drivers 
are 3-state devices that remain in the high-impedance (OFF) 
state except when the MPU performs an ACIA read operation. 

ACIA Enable (E) 

The enable signal (E) is a high-impedance, TTL-compatible 
input that enables the bus input/output data buffers and clocks 
data to and from the ACIA. This signal normally is a derivative 
of the F6800 <A2 clock. 

Read/Write (R/W) 

The read/write line is a high-impedance input that is 
TTL-compatible and is used to control the direction of datajow 
through the ACIA input/output data bus interface. When R/W is 
HIGH (MPU read cycle), ACIA output drivers are turned on and 
a selected register is read. When it is LOW, the ACIA output 
drivers are turned off and the MPU writes into a selected 
register. Therefore, the R/W signal is used to select read-only 
or write-only registers within the ACIA. 



Chip Select (CSq, CSi, CS2) 

These three high-impedance, TTL-compatible input lines are 
used to address the ACIA. The ACIA is selected when CSq and 
CSi are HIGH and CS2 is LOW. Transfers of data to and from 
the ACIA are then performed under the control of the E, R/W, 
and RS signals. 

Register Select (RS) 

The register select line is a high-impedance input that is 
TTL-compatible. A HIGH level is used to select the 
transmit/receive data registers and a LOW level the 
control/status registers. The R/W signal line is used in 
conjunction with RS to select the read-only or write-only 
register in each register pair. 

Interrupt Request (IRQ) 

Interrupt request is a TTL-compatible, open-drain (no internal 
pull-up), active-LOW output that is used to interrupt the MPU. 
The IRQ output remains LOW as long as the cause of the 
interrupt is present and the appropriate interrupt enable within 
the ACIA is set. The IRQ status bit, when HIGH, indicates that 
the IRQ output is in the active state. 

Interrupts result from conditions in both the transmitter and 
receiver sections of the ACIA. The transmitter section causes 
an interrupt when the transmitter interrupt enabled condition is 
selected (CR5 • CRe), and the transmit data register empty 
(TORE) status bit is HIGH. The TORE status bit indicates the 
current status o f the transmitter data register except when 
inhibited by the CTS line being HIGH or the ACIA being 
maintained in the reset condition. The interrupt is cleared by 
writing data into the transmit data register. The interrupt i^ 
masked by disab ling the transmitter interrupt via CR5 or CRe, 
or by the loss of CTS, which inhibits the TORE status bit. The 
receiver section causes an interrupt when the receiver Interrupt 
enable is set and the receive data register full (RDRF) status 
bit is HIGH, an overrun has occurred, or the data carrier detect 
(DCD) line has gone HIGH. An interrupt resulting from the 
RDRF status bit can be cleared by reading da ta or resetting the 
ACIA. Interrupts caused by overrun or loss of DCD are cleared 
by reading the status register after the error condition has 
occurred and then reading the receive data register or resetting 
the ACIA. The receiver interrupt is masked by resetting the 
receiver interrupt enable. 

Clock Inputs 

Separate high-impedance, TTL-compatible inputs are provided 
for clocking of transmitted and received data. Clock 
frequencies of 1 , 16, or 64 times the data rate may be selected. 

Transmit Clock (Tx CLK) 

The transmit clock input is used for the clocking of transmitted 
data. The transmitter initiates data on the negative transition of 
the clock. 
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Receive Clock (Rx CLK) 

The receive clock input is tised for synchronization of received 
data. (In the ^1 mode, the clock and data must be 
synchronized externally.) The receiver samples the data on the 
positive transition of the clock. 

Serial Input/Output Lines 

Receive Data (Rx DATA) 

The receive data line is a high-impedance, TTL-compatible input 
through which data is received in a serial format. Synchronization 
with a clock for detection of data is accomplished internally when 
clock rates of 16 or 64 times the bit rate are used. 

Transmit Data (Tx DATA) 

The transmit data output line transfers serial data to a modem or 
other peripheral. 

Peripheral/Modem Control 

The ACIA includes several functions that permit limited control of 
a peripheral or modem. The functions included are clear-to-send, 
request-to-send and data carrier detect. 

Ciear-to-Send (CTS) 

This high-impedance, TTL-compatible input provides automatic 
control of the transmitting end of a communications link via the 
modem clear-to-send active-LOW output by inhibiting the 
transmit data register empty (TORE) status bit. 



Transmit Data Register (TDR) 

Data is written into the transmit data register during the 
negative transition of the E (Enable) pulse when the ACIA has 
been addressed with RS HIGH and R/W LOW. Writing data 
into the register causes the TORE bit in the status register to 
go LOW. Data can then be transmitted. If the transmitter is 
idling and no character is being transmitted, the transfer takes 
place within one bit time of the trailing edge of the write 
command. If a character is being transmitted, the new data 
character commences as soon as the previous character is 
complete. The transfer of data causes the TDRE bit to indicate 
empty. 

Receive Data Register (RDR) 

Data is automatically transferred to the empty receive data 
register (RDR) from the receiver deserializer (a shift register) 
upon receiving a complete character. This event causes the 
receive data register full (RDRF) bit in the status buffer to go 

HIGH (full). Data may then be read through the bus by 

addressing the ACIA and selecting the RDR with RS and R/W 
HIGH when the ACIA is enabled. The non-destructive read 
cycle causes the RDRF bit to be cleared to empty although the 
data is retained in the RDR. The status is maintained by the 
RDRF bit to indicate whether or not the data is current. When 
the receive data register is full, the automatic transfer of data 
from the receiver shift register to the data register is inhibited 
and the RDR contents remain valid, with its current status 
stored in the status register. 



Request-to-Send (RTS) 

The request-to-send output enables the MP U to control a 
peripheral or modem via the data bus. The RTS output 
corresponds to the state of control register bits CR5 and CRe- 
When CRe = or both CR5 and CRq = 1 , the RTS output is LOW 
(the ac tive s tate.) This output can also be used for data terminal 
ready (DTR). 



Control Register 

The ACIA control register consists of eight bits of write-only 
buffer that are selected when RS and R/W are LOW. This 
register controls the function of the receiver, transmitter, 
interrupt enables, and the request-to-send peripheral/modem 
control output. 



Data Carrier Detect (DCD) 

This high-impedance, TTL-compatible input provides automatic 
control, such as in the receiving end of a communicati ons lin k, by 
means of a modem Data Carrier Detect output. The DCD input 
inhibits and initializes the receiver sectio n of the ACIA when 
HIGH. A LOW-to-HIGH transition of DCD initiates an interrupt to 
the MPU to indicate the occurrence of a loss of carrier when the 
receive inter rupt enable bit is set. The RxCLK must be running for 
proper DCD operation. 

ACIA Registers 

The block diagram for the ACIA indicates the internal registers on 
the chip that are used for the status, control, receiving, and 
transmitting of data. The content of each of the registers is 
summarized in Table 1 . 



Counter Divide Select Bits (CRq and CRi) 

The counter divide select bits (CRq and CRi) determine the 
divide ratios utilized in both the transmitter and receiver 
sections of the ACIA. Additionally, these bits are used to 
provide a master reset for the ACIA that cl ears the status 
register (except for external conditions on CTS and DCD) and 
initializes both the receiver and transmitter. Master reset does 
not affect other control register bits. Note that after power-on or 
a power fail/start, these bits must be set HIGH to reset the 
ACIA. After resetting, the clock divide ratio may be selected. 
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Table 1 Definition of ACIA Register Contents 





Buffer Address 


Data 
Bus Line 


RS«R/W 

Transmit Data 

Register 


RS • R/W 

Receive Data 

Register 


RS • R/W 
Control Register 


RS • R/W 
Status Register 


Number 


(Write Only) 


(Read Only) 


(Write Only) 


(Read Only) 





Data Bit 0* 


Data Bit 


Counter Divide Select 1 (CRq) 


Receive Data Register Full (RDRF) 


1 


Data Bit 1 


Data Bit 1 


Counter Divide Select 2 (CRi) 


Transmit Data Register Empty (TORE) 


2 


Data Bit 2 


Data Bit 2 


Word Select 1 (CR2) 


Data Carrier Detect (DCD) 


3 


Data Bit 3 


Data Bit 3 


Word Select 2 (CR3) 


Clear-to-Send (CTS) 


4 


Data Bit 4 


Data Bit 4 


Word Select 3 (CR4) 


Framing Error (FE) 


5 


Data Bit 5 


Data Bit 5 


Transmit Control 1 (CR5) 


Receiver Overrun (OVRN) 


6 


Data Bit 6 


Data Bit 6 


Transmit Control 2 (CRe) 


Parity Error (PE) 


7 


Data Bit 7*** 


Data Bit 7** 


Receive Interrupt Enable (CR7) 


Interrupt Request (IRQ) 



*Leading bit = LSB = Bit **Data bit is zero in 7-bit plus parity modes. 



'**Data bit is "don't care" in 7-bit plus parity modes. 



These counter select bits provide for the following clock divide 
ratios: 



request-to-send (RTS) output, and the transmission of a break 
level (space). The following encoding format is used: 



CRi 


CRo 


Function 








^1 







-16 


1 





^64 


1 


1 


Master Reset 



Word Select Bits (CR2, CR3 and CR4) 

The word select bits are used to select word length, parity, and 
the number of stop bits. The encoding format is as follows: 



CR4 


CR3 


CR2 


Function 











7 Bits + Even Parity + 2 Stop Bits 








1 


7 Bits + Odd Parity + 2 Stop Bits 





1 





7 Bits + Even Parity + 1 Stop Bit 





1 


1 


7 Bits + Odd Parity + 1 Stop Bit 


1 








8 Bits + 2 Stop Bits 


1 





1 


8 Bits + 1 Stop Bit 


1 


1 





8 Bits + Even Parity + 1 Stop Bit 


1 


1 


1 


8 Bits + Odd Parity + 1 Stop Bit 



Word length, parity select, and stop bit changes are not 
buffered and therefore become effective immediately. 

Transmitter Control Bits (CR5 and CRe) 

Two transmitter control bits provide for the control of the 
interrupt from the transmit data register empty condition, the 



CRe 


CR5 


Function 




1 

1 



1 


1 


RTS - LOW, Transmitting Interrupt Disabled 
RTS -- LOW, Transmitting Interrupt Enabled 
RTS = HIGH, Transmitting Interrupt Disabled 
RTS = LOW, Transmits a Break Level on the 

Transmit Data Output. Transmitting 

Interrupt Disabled. 



Receive Interrupt Enable Bit (CR7) 

The following interrupts are enabled by a HIGH level In bit 
position 7 of the control register (CR7): receive data register 
full, ov errun, or a LOW-to-HIGH transition on the data carrier 
detect (DCD) signal line. 

Status Register 

Information on the status of the ACIA is available to the MPU 
by reading the ACIA status register This read-only register is 
selected when RS is LOW and R/W is HIGH. Information 
stored in this register indicates the status of the transmit data 
register, the receive data register and error logic, and the 
peripheral/modem status inputs of the ACIA. 

Receive Data Register Full (RDRF), Bit 

Receive data register full indicates that received data has been 
transferred to the receive data register. The RDRF bit is 
cleared after an MPU read of the receive data register or by a 
master reset. The cleared or empty state indicates that the 
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contents of the receive data register are not current. Data 
carrier detect being HIGH also causes RDRF to indicate empty. 

Transmit Data Register Empty (TORE), Bit 1 

The transmit data register empty bit being set HIGH indicates 
that the transmit data register contents have been transferred 
and that new data may be entered. The LOW state indicates 
that the register is full and that transmission of a new character 
has not begun since the last write data command. 

Data Carrier Detect (DCD), Bit 2 

The data carrier detect bit is HIGH when the DCD input from a 
modem has gone HIGH to indicate that a carrier is not present. 
This bit going HIGH causes an interrupt request to be 
generated whe n the receive interrupt enable is set. It remains 
HIGH after the DCD input is returned LOW until cleared by 
reading first the status register an d the n the data register, or 
until a master reset occurs. If the DCD input remains HIGH 
after read status and read data or ma ster reset has occurred, 
the interrupt is cle ared, and the DCD status bit remains HIGH 
and will follow the DCD input. 



Parity Error (PE), Bit 6 

The parity error flag indicates that the number of HIGHs (1's) in 
the character does not agree with the preselected odd or even 
parity. Odd parity is defined to be when the total number of 
ones is odd. The parity error indication is present as long as 
the data character is in the RDR. If no parity is selected, both 
the transmitter parity generator output and the receiver parity 
check results are inhibited. 

Interrupt Request (IRQ), Bit 7 

The IRQ bit indicates the state of the IRQ output. Any interrupt 
condition with its applicable enable is indicated in this status 
bit. Any time the IRQ output is LOW, the IRQ bit is HIGH to 
indicate the interrupt or service request status. The IRQ bit is 
cleared by a read operation to the receive data register or a 
write operation to the transmit data register. 



Clear-to-Send (CIS), Bit 3 

The clear-to-send bit indicate s the state of the clear-to-send 
input from a modem. A LOW CTS indicates that there is a 
clear-to-send from the modem. In the HIGH state, the transmit 
data register empty bit is inhibited and the clear-to-send status 
bit is HIGH. Master reset does not affect the clear-to-send 
status bit. 

Framing Error (FE), Bit 4 

Framing error indicates that the received character is 
improperly framed by a start and a stop bit and is detected by 
the absence of the first stop bit. This error indicates a 
synchronization error, faulty transmission, or a break condition. 
The framing error flag is set or reset during the receive data 
transfer time. Therefore, this error indicator is present 
throughout the time that the associated character is available. 

Receiver Overrun (OVRN), Bit 5 

Overrun is an error flag that indicates that one or more 
characters in the data stream were lost. That is, a character or 
a number of characters were received but not read from the 
receive data register (RDR) prior to subsequent characters 
being received. The overrun condition begins at the midpoint of 
the last bit of the second character received in suocession 
without a read of the RDR having occurred. The overrun does 
not occur in the status register until the valid character prior to 
overrun has been read. The RDRF bit remains set until the 
overrun is reset. Character synchronization is maintained 
during the overrun condition. The overrun indication is reset 
after the reading of data from the receive data register or by a 
master reset. 
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Absolute Maximum Ratings 



Supply Voltage 


-0.3 V, 


+7.0 V 


Input Voltage 


-0.3 V, 


+7.0 V 


Operating Temperature - Tl, Th 






F6850, F68A50, F68B50 


(fC, 


+70°C 


F6850C, F68A50C 


-WC, 


+85°C 


F6850DL 


-55°C, 


+85°C 


F6850DM 


-55X, 


+125°C 


Storage Temperature Range 


-55°C, 


+ 150°C 


Thermal Resistance 






Ceramic 




60PC/W 


Plastic 




120PC/W 



This device contains circuitry to protect the inputs against damage due to high static 
voltages or electrical fields; however, it is advised that normal precautions be taken 
to avoid application of any voltage higher than maximum rated voltages to this high- 
impedance circuit. 



DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted 








Symbol 


Characteristic 


Signal 


MIn 


Typ 


Max 


Unit 


Condition 


VlH 


Input HIGH Voltage 




2.0 




Vcc 


V 




V|L 


Input LOW Voltage 




-0.3 




0.8 


V 




llN 


Input Leakage Current 


R/W, CSo, CSi, CS^, RS, 

Rx DATA, Rx CLK, CTS, DCD 




1.0 


2.5 


)aA 


V|N = to 5.25 V 


Itsi 


3-State Input Current 
(OFF State) 


D0-D7 




2.0 


10 


AxA 


V|N - 0.4 to 2.4 V 


VOH 


Output HIGH Voltage 


D0-D7 

Tx DATA, RTS 


2.4 
2.4 






V 


JLoad = -205 fiA, 
Enable Pulse Width 

< 25 /xs 

iLoad = -100 /xA, 
Enable Pulse Width 

< 25 /xs 


Vol 


Output LOW Voltage 








0.4 


V 


Load = 1-6 mA, 
Enable Pulse Width 
< 25 /xs 


Iloh 


Output Leakage Current 


IRQ 




1.0 


10 


fxA 


VoH = 2.4 V 


Pd 


Power Dissipation 






300 


525 


mW 




C|N 


Input Capacitance 


D0-D7 

E, Tx CLK, Rx CLK, R/W, 
RS, Rx DATA, CSq, CSi, 
CS2, CTS, DCD 




10 
7.0 


12.5 
7.5 


PF 


V,N = 0. Ta = 25X, 
f= 1.0 MHz 


CoUT 


Output Capacitance 


RTS, Tx DATA 
IRQ 






10 
5.0 


PF 


V|N = 0, Ta = 25°C, 
f = 1.0 MHz 
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AC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = Tl to Th, unless otherwise noted 




Characteristic 


F6850 


F68A50 


F68B50 


Unit 




Symbol 


MIn 


Max 


MIn 


Max 


Min 


Max 


Condition 


PWcL 


Minimum Clock Pulse Width, LOW 
^16,-64 Modes 


600 




450 




280 




ns 


Figure 1 


PWcH 


Minimum Clock Pulse Width, HIGH 
^16, -64 Modes 


600 




450 




280 




ns 


Figure 2 


fc 


Clock Frequency ^1 Mode 
^16, -64 Modes 




500 
800 




750 
1000 




1000 
1500 


kHz 




tjDD 


Clock-to- Data Delay for Transmitter 




600 




540 




460 


ns 


Figure 3 


tRDS 


Receive Data Set-up Time - 1 Mode 


250 




100 




30 




ns 


Figure 4 


tRDH 


Receive Data Hold Time -1 Mode 


250 




100 




30 




ns 


Figure 5 


tiR 


Interrupt Request Release Time 




1.2 




0.9 




0.7 


flS 


Figure 6 


tRTS 


Request-to-Send Delay Time 




560 




480 




400 


ns 


Figure 6 


tntf 


Input Transition Times (Except Enable) 




1.0 




0.5 




0.25 


fJiS 


Note 



Note 

1.0 fis or 10% of the pulse width, whichever is smaller 



Bus Timing Characteristics 
Read (Figures 7 and 9) 





Characteristic 


F6850 


F68A50 


F68B50 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


tcycE 


Enable Cycle Time 


1.0 




0.666 




0.500 




flS 


PWeh 


Enable Pulse Width, HIGH 


0.45 


25 


0.28 


25 


0.22 


25 


flS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




flS 


tAS 


Set-up Time, Address, and R/W Valid to 
Enable Positive Transition 


160 




140 




70 




ns 


tpDR 


Data Delay Time 




320 




220 




180 


ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable Input 




25 




25 




25 


ns 


Write (Figures 8 and 9) 
















tcycE 


Enable Cycle Time 


1.0 




0.666 




0.500 




fXS 


PWeh 


Enable Pulse Width, HIGH 


0.45 


25 


0.28 


25 


0.22 


25 


flS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




/xs 


tAS 


Set-up Time, Address, and R/W Valid to 
Enable Positive Transition 


160 




140 




70 




ns 


tosw 


Data Set-up Time 


195 




80 




60 




ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable Input 




25 




25 




25 


ns 
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Fig. 1 Clock Pulse Width, LOW State 

PWcL 



TX CLK . 

OR 
RX CLK 



/ 



Fig. 2 Clock Pulse Width, HIGH State 



TX CLK 

OR 
RX CLK ' 



-PWcH- 



\ 



Fig. 3 Transmit Data Output Delay 



\-0.8 V I 



^TDD 



2.4 V 
0.4 V 



Fig. 5 Receive Data Hold Time (-M Mode) 



_- ^^^ 



2.0 V -K /" 

o£vyv 



Fig. 6 Request-to-Send Delay and Interrupt Request 
Release Times 







Fig. 4 Receive Data Set-up Time (-^1 Mode) 






- tRDSU 



^-0.8V V__ 



Fig. 7 Bus Read Timing Characteristics 
(Read Information from ACIA) 



tAS- 



- tcycE - 



^PWeh — 



^■"2.0 V -^r 



^PWel- 



-•-tEf 



2.0 V 
.0.8 V 



U tAl 
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Fig. 8 Bus Write Timing Characteristics 
(Write Information into ACIA) 



tAS- 



RS, CS, R/W 






— PWeh — 



tDSW-^ 



2.0 V 
3.8 V 



—pwel-^ 



^^ *Er ^c££l_jf 



-^tg, 



X 






Fig. 9 Bus Timing Test Loads 
Load A (D0-D7, RTS, Tx DATA) 



C = 130 pF FOR Dp-Dy 

C = 30 pF FOR RTS AND Tx DATA 

R = 11.7 kO FOR Dp-Dy 

R = 24 kn FOR RTS AND Tx DATA 




Load B (IRQ Only) 



TEST POINT 
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Ordering Information 



Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6850P,S 
F6850CP,CS 
F6850DL 
F6850DM 


0°C to +70X 
-40°C to +85°C 
-55°C to +85°C 
-55°Cto +125°C 


1.5 MHz 


F68A50P,S 
F68A50CP,CS 


0°C to +70°C 
-40°C to +85°C 


2.0 MHz 


F68B50P,S 


0°C to +70°C 



P = Plastic package, S = Ceramic package 
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F6852/F68A52/F68B52 
Synchronous Serial 
Data Adapter 



Microprocessor Product 



Description 

The F6852 Synchronous Serial Data Adapter (SSDA) 
provides a bidirectional serial interface for synchronous 
data information interchange. It contains interface 
logic for simultaneously transmitting and receiving 
standard synchronous communications characters 
in bus-organized systems, such as the F6800 micro- 
processor systems. 

The bus interface of the F6852 includes Select, Enable, 
Read/Write, Interrupt, and bus interface logic to allow 
data transfer over an 8-bit bidirectional data bus. The 
parallel data of the bus system is transmitted serially 
and received by the synchronous data interface with 
synchronization, fill character insertion/deletion, and 
error checking. The functional configuration of the 
SSDA is programmed via the data bus during system 
initialization. Programmable control registers provide 
control for variable word lengths, transmit control, 
receive control, synchronization control, and interrupt 
control. Status, timing, and control lines provide 
peripheral or modem control. 

Typical applications include floppy disk controllers, 
cassette or cartridge tape controllers, data communi- 
cations terminals, and numerical control systems. 



Programmable Interrupts from Transmitter, 

Receiver, and Error Detection Logic 

Character Synchronization on 1 or 2 SYNC Codes 

External Synchronization Available for Parallel-Serial 

Operation 

Available Speeds: 1.0 MHz for the F6852, 1.5 MHz for 

the F68A52, and 2.0 MHz for the F68B52 

Programmable SYNC Code Register 

Up to 600K BPS Transmission 

Peripheral/Modem Control Functions 

3 Bytes of FIFO Buffering on Both Transmit and 

Receive 

7-, 8-, or 9-Bit Transmission 

Optional Even and Odd Parity 

Parity, Overrun, and Underflow Status 



Logic Symbol 



10 11 14 13 

nil 



OS RS E R/W 
Rx DATA 

Rx CLK Tx DATA 

Tx CLK IRQ 

RESET TUF 

GTS SM/DTR 

DCD 

Do D^ D2 Da D4 Ds De D? 



22 21 20 19 18 17 16 15 



Vss = Pin 1 
VCC= Pin 12 




Connection Diagram 
24-Pin DIP 



Vss^l^ 1 

Rx DATA [jjj 2 

Rx CLK [^ 3 

Tx CLK [^ 4 

SM/DTR [^ 5 

Tx DATA [^ 6 

irqC 7 

TUF[[] 8 

RESET [^ 9 

CS[;^ 10 

RS[^ 11 

Vcc[^ 12 



^^ 24 ^CTS 

23 JJDCD 

22 ;jdo 
21 ;jdi 

20 ^D2 

19 JD3 

18 ^D4 

17 JDs 

16 ^De 

15 ;JD7 

14 JJE 

13 ^ R/W 



(Top View) 
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Pin Names 




Rx DATA 


Receive Data Input 


RxCLK 


Receive Clock Input 


TxCLK 


Transmit Clock Input 


SM/DTR 


Sync Match/Data Terminal Ready Output 


Tx DATA 


Transmit Data Output 


IRQ 


Interrupt Request Output 


TUF 


Transmitter Underflow Output 


RESET 


Reset Input 


CS 


Chip Select Input 


RS 


Register Select Input 


CTS 


Clear-to-Send Input 


DCD 


Data Carrier Detect Input 


D0-D7 


Bidirectional Data Lines 


E 


Enable (System (t>2 Clock) Input 


R/W 


Read/Write Input 


Vss 


Ground Input 


Vcc 


+5 V Power Supply Input 



Block Diagram 
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Device Operation 

At the bus interface, the SSDA appears as two 
addressable memory locations. Internally, there are 
seven registers: two read-only and five write-only 
registers. The read-only registers are status and receive 
data; the write-only registers are control 1, control 2, 
control 3, sync code, and transmit data. The serial 
interface consists of serial input and output lines with 
independent clocks, and four peripheral/modem 
control lines. 

Data to be transmitted is transferred directly into the 
3-byte transmit data first-in, first-out (FIFO) register from 
the data bus. Availability of the input to the FIFO is 
indicated by a bit in the status register; once data is 
entered, it moves through the FIFO to the last empty 
location. Data at the output of the FIFO is automatically 
transferred from the FIFO to the transmitter shift register 
as the shift register becomes available to transmit the 
next character. If data is not available from the FIFO 
(underflow condition), the transmitter shift register is 
automatically loaded with either a sync code or an all- 
"1s" character. The transmit section may be pro- 
grammed to append even, odd, or no parity to the 
transmitted word. An external Clear-to-Send (CTS) control 
line is provided to inhibit the transmitter without 
clearing the FIFO. 

Serial data is accumulated in the receiver based on the 
synchronization mode selected. In the external sync 
mode, used for parallel-serial operation, t he re ceiver is 
synchronized by the Data Carrier Detect (DCD) input 
and transfers successive bytes of data to the input of 
the receiver FIFO. The single-sync-character mode 
requires that a match occur between the sync code 
register and one incoming character before data transfer 
to the FIFO begins. The two-sync-character mode 
requires that two sync codes be received in sequence to 
establish synchronization. Subsequent to synchronization 
in any mode, data is accumulated in the shift register 
and parity is optionally checked. An indication of parity 
error is carried through the receiver FIFO with each 
character to the last empty location. Availability of a 
word at the FIFO output is indicated by a bit in the 
status register, as is a parity error. 

The SSDA and its internal registers are selected by the 
address bus, Read/Write (R/W), and Enable control lines. 
To configure the SSDA, control registers are selected 
and the appropriate bits set. The status register is 
addressable for reading status. 

Other I/O lines, in a dditio n to Clear-to-Send (CTS) and 
Data Carrier Detect ( DCD ), include Sync Match/Data 
Terminal Ready (SM/DTR) and Transmitter Underflow 



(TUF). The transmitter and receiver each have individual 
clock inputs, allowing simultaneous operation under 
separate clock control. Signals to the microprocessor 
are the data bus and Interrupt Request (IRQ). 

Initialization 

During a power-on sequence, the SSDA is reset via the 
RESET input and internally latched in a reset condition to 
prevent erroneous output transitions. The sync code 
register, control register 2, and control register 3 should 
be programmed prior to the programmed release of the 
transmitter and/or receiver reset bits; these bits in 
control register 1 should be cleared after the RESET line 
has gone HIGH. 

Transmitter Operation 

Data is transferred to the transmitter section in parallel 
form by means of the data bus and transmit data FIFO. | 
The transmit data FIFO is a 3-byte register whose status 
is indicated by the transmitter data register available 
(TDRA) status bit and its associated interrupt enable bit. 
Data is transferred through the FIFO on negative edges 
of Enable (E) pulses. Two data transfer modes are 
provided in the SSDA. The 1-byte transfer mode 
provides for writing data to the transmitter section (and 
reading from the receiver section) one byte at a time. 
The 2-byte transfer mode provides for writing two data 
characters in succession. 

Data will automatically transfer from the last register 
location in the transmit data FIFO (when it contains 
data) to the transmitter shift register during the last half 
of the last bit of the previous character. A character is 
transferred into the shift register by the Transmit Clock. 
Data is transmitted LSB first, and odd or even parity 
can be optionally appended. The unused bit positions in 
short word length characters from the data bus are 
"don't cares". (Note: The data bus inputs may be 
reversed for applications requiring the MSB to be 
transferred first, e.g., IBM format for floppy disks; 
however, care must be taken to program the control 
registers properly — Table 7 will have its bit 
positions reversed.) 

When the shift register becomes empty, and data is not 
available for transfer from the transmit data FIFO, an 
underflow occurs, and a character is inserted into the 
transmitter data stream to maintain character synchroni- 
zation. The character transmitted on underflow will be 
either a mark (all "1s") or the contents of the sync 
code register, depending upon the state of the transmit 
sync code on underflow control bit. The underflow 
condition is indicated by a pulse (« Tx CLK HIGH period) 
on the Transmitter Underflow output (when in Tx Sync 
on underflow mode). The Transmitter Underflow output 
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occurs coincident with the transfer of the last half of the 
last bit preceding the underflow character. The underflow 
status bit is set until cleared by means of the clear 
underflow control bit. This output may be used in floppy 
disk systems to synchronize write operations and for 
appending CRCC. 

Transmission is initiated by clearing the transmitter reset 
bit in control register 1. When the transmitter reset bit is 
cleared, the first full positive half-cycle of the Transmit 
Clock will initiate the transmit cycle, with the 
transmission of data or underflow characters beginning 
on the negative edge of the Transmit Clock pulse that 
started the cycle. If the transmit data FIFO was not 
loaded, an underflow character will be transmitted 
(see Figure 4). 

The Clear-to-Send (CTS) input provides for automatic 
control of the transmitter b y me ans of external system 
hardware; e.g., the modem CTS output provide s the 
control in a data communications system. The CTS 
input resets and inhibits the transmitter section when 
HIGH, but does not reset the tr ansm it data FIFO. The 
TDRA status bit is inhibited by CTS being HIGH in 
either the one-sync-character or two-sync-character 
mode of opera tion. In the external sync mode, TDRA is 
unaffected by CTS in order to provide transmit data 
FIFO status for preloading and operating the transmitter 
under the control of the CTS input. When the 
transmitter reset bit (Tx Rs) is set, the transmit data 
FIFO is cleared and the TDRA status bit is cleared. 
After one E clock has occurred, the transmit data FIFO 
becomes available for new data with TDRA inhibited. 

Receiver Operation 

Data and a presynchronized clock are provided to the 
SSDA receiver section by means of the Receive Data 
(Rx DATAj and Receive Clock (Rx CLK) inputs. The data 
is a continuous stream of binary data bits without 
means for identifying character boundaries within the 
stream. It is, therefore, necessary to achieve character 
synchronization for the data at the beginning of the data 
block. Once synchronization is achieved, it is assumed 
to be retained for all successive characters within 
the block. 

Data communication systems utilize the detection of 
sync codes during the initial portion of the preamble to 
establish character synchronization. This requires the 
detection of a single code or two successive sync 
codes. Floppy disk and cartridge tape units require 
16 bits of defined preamble and cassettes require eight 
bits of preamble to establish the reference for the start 
of record. All three are functionally equivalent to the 
detection of sync codes. Systems that do not utilize 



code detection techniques require custom logic external 
to the SSDA for character synchronization and use of 
the parallel-to-serial (external sync) mode. (Note: The 
receiver shift register is set to "Is" when reset.) 

Synchronization 

The SSDA provides three operating modes with respect 
to character synchronization: one-sync-character mode, 
two-sync-character mode, and external sync mode. The 
external sync mode requires synchronization and control 
of the receiving section through the Data Carrier Detect 
(DCD) input (see Figure?). This external synchroni- 
zation could consist of direct line control from the 
transmitting end of the serial data link or from external 
logic designed to detect the start of the message block. 
The one-sync-character mode searches on a bit-by-bit 
basis until a match is achieved between the data in the 
shift register and the sync code register. The match 
indicates character synchronization is complete and will 
be retained for message block. In the two-sync- 
character mode, the receiver searches for the first sync 
code match on a bit-by-bit basis and then looks for a 
second successive sync code character prior to 
establishing character synchronization. If the second 
sync code character is not received, the bit-by-bit 
search for the first sync code is resumed. 

Sync codes received prior to the completion of 
synchronization (one or two characters) are not 
transferred to the receive data FIFO. Redundant sync 
codes during the preamble or sync codes that occur 
as "fill characters" can be automatically stripped from 
the data, when the strip sync control bit is set, to 
minimize system loading. The character synchronization 
will be retained until cleared by means of the clear sync 
bit, which also inhibits synchronization search when set. 

Receiving Data 

Once synchronization has been achieved, subsequent 
characters are automatically transferred into the receive 
data FIFO and clocked through the FIFO to the last 
empty location by E pulses (MPU system </)2). The 
receiver data available (RDA) status bit indicates when 
data is available to be read from the last FIFO location 
(No. 3) when in the 1-byte transfer mode. The 2-byte 
transfer mode causes the RDA status bit to indicate data 
is available when the last two FIFO register locations 
are full. Data being available in the receive data FIFO 
causes an interrupt request if the receiver interrupt 
enable (RIE) bit is set. The MPU will then read the 
SSDA status register, which will indicate that data is 
available for the MPU read from the receive data FIFO 
register. The IRQ and RDA status bits are reset by a 
read from the FIFO. If more than one character has 
been received and is resident in the receive data FIFO, 
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subsequent E clocks will cause the FIFO to update, and 
the RDA and IRQ status bits will be set again. The read 
data operation for the 2-byte transfer mode requires an 
intervening E clock between reads to allow the FIFO 
data to shift. Optional parity is automatically checked as 
data is received, and the parity status condition is 
maintained with each character until the data is read 
from the receive data FIFO. Parity errors will cause an 
interrupt request if the error interrupt enable (EIE) has 
been set. The parity bit is not transferred to the data 
bus but must be checked in the status register. Note: In 
the 2-byte transfer mode, parity should be checked prior 
to reading the second byte, since a FIFO read clears the 
error bit. 

Other status bits that pertain to the receiver sect ion 
are receiver overrun and data carrier detect (DCD). The 
overrun status bit is automatically set when a transfer of 
a character to the receive data FIFO occurs and the first 
register of the receive data FIFO is full. Overrun causes 
an interrupt if error interrupt enable (EIE) has been set. 
The transfer of the overrunning character into the FIFO 
causes the previous character in the FIFO input register 
location to be lost. The overrun status bit is cleared by 
reading the status register (when the overrun condition 
is present), followed by a receive data FIFO register 
read. Overrun cannot occur and be cleared without 
providing an opportunity to detect the occurrence via 
the status register. 

A positive transition on the DCD input causes an 
interrupt if the EIE control bit has been set. The 
interrupt caused by DCD is c leared by reading the 
status register when the DCD status bit is HIGH , 
followed by a receive data FIFO read. The DCD status 
bit will subsequently follow the state of the DCD input 
when it goes LOW. 

SSDA Interface Signals for MPU 

The SSDA interfaces to the F6800 MPU with an 8-bit 
bidirectional data bus, a Chip Select line, a Register 
Select line, an Interrupt Request line, a Read/Write line, 
an Enable line, and a Reset line. These signals, in 
conjunction with the F6800 VMA output, permit the MPU 
to have complete control over the SSDA. 

Bidirectional Data Bus (D0-D7) 

The bidirectional data lines (D0-D7) allow for data 
transfer between the SSDA and the MPU. The data bus 
output drivers are 3-state devices that remain in the 
high-impedance (OFF) state except when the MPU 
performs an SSDA read operation. 



Enable (E) 

The Enable (E) signal is a high-impedance, TTL- 
compatible input that enables the bus input/output data 
buffers, clocks data to and from the SSDA, and moves 
data through the FIFO registers. This signal is normally 
the continuous F6800 system <f>2 clock, so that Incoming 
data characters are shifted through the FIFO. 

Read/Write (R/W) 

The Read/Write line is a high-impedance input that is 
TTL-compatible and is used to control the direction of 
data flow through the SSDAs input/output data bus 
interface. When Read/Write is HIGH (MPU read cycle), 
SSDA output drivers are turned on if the device is 
selected and a selected register is read. When it is 
LOW, the SSDA output drivers are turned off and the 
MPU writes into a selected register. The Read/Write 
signal is also used to select read-only or write-only 
registers within the SSDA. 

Chip Select (CS) 

This high-impedance, TTL-compatible input line is used 

to address the SSDA. The SSDA is selected when CS is 
LOW. VMA should be used in generating the CS input 
to insure that false selects will not occur. Transfers of 
data to and from the SSDA are then performed under 
the control of the Enable signal, Read/Write, and 
Register Select. 

Register Select (RS) 

The Register Select line is a high-impedance input that 
is TTL-compatible. A HIGH level is used to select 
control registers 02 and C3, the sync code register, and 
the transmit/receive data registers. A LOW level selects 
the control 1 and status registers (see Table 1). 

Interrupt Request (IRQ) 

Interupt Request is a TTL-compatible, open-drain (no 
internal pull-up), active-LOW output that is used to 
interrupt the MPU. The Interrupt Request remains LOW 
until cleared by the MPU. 



Reset Input (RESET) 

The Reset input provides a means of resetting the SSDA 
from an external source. In the LOW state, the Reset 
input causes the following: 



1 



Receiver reset (Rx Rs) and transmitter reset (Tx Rs) 

bits are set, causing both the receiver and transmitter 

sections to be held in a reset condition. 

Peripheral contr ol bi ts PC1 and PC2 are reset to "0", 

causing the SM/DTR output to be HIGH. 

The error interrupt enable (EIE) bit is reset. 

An internal synchronization mode is selected. 

The transmitter data register available (TDRA) status 

bit is cleared and inhibited. 
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When RESET returns HIGH (the inactive state), the 
transmitter and receiver sections will remain in the reset 
state until the receiver reset and transmitter reset bits 
are cleared via the bus unde r softw are control. The 
control register bit affected by RESET (Rx Rs, Tx Rs, 
PC1, P C2, EIE, and E/L Sync) cannot be changed when 
RESET is LOW. 

Clock Inputs 

Separate high-impedance, TTL-compatible inputs are 
provided for clocking of transmitted and received data. 

Transmit Clock (Tx CLK) 

The Transmit Clock input is used for the clocking of 
transmitted data. The transmitter shifts data on the 
negative transition of the clock. 

Receive Clock (Rx CLK) 

The Receive Clock input is used for clocking in received 
data. The clock and data must be synchronized 
externally. The receiver samples the data on the positive 
transition of the clock. 

Serial Input/Output Lines 

Receive Data (Rx DATA) 

The Receive Data line is a high-impedance, TTL- 
compatible input through which data is received in a 
serial format. Data rates are from to 600K bps. 

Transmit Data (Tx DATA) 

The Transmit Data output line transfers serial data to a 
modem or other peripheral. Data rates are from 
to 600 K bps. 

Peripheral/Modem Control 

The SSDA includes several functions that permit limited 
control of a peripheral or modem. The functions 
included are Clear-to-Send, Sync Match/Data Terminal 
Ready, Data Carrier Detect, and Transmitter Underflow. 

Clear-to-Send (CTS) 

The CTS input provides a real-time inhibit to the 
transmitter section (th e tra nsmit data FIFO is not 
disturbed). A positive CTS transition resets the 
transmitter shift register and inhibits the TDRA status bit 
and its as|SOCiated interrupt in both the one-sync- 
character and two-sync-chara cter modes of operation. 
TDRA is not affected by the CTS input in the external 
sync mode. 

The positive transition of CTS is stored within the SSDA 
to insure that its occurrence will be acknowledged by 



the system. The stored CTS information and its 
associa ted IRQ (if enabled) are cleared by writing a "1" 
in the CTS bit in control registers or in the transmitter 
reset bit. The CTS status bit subsequently follows the 
CTS input when it goes LOW. 

The CTS input provides character timing for transmitter 
data when in the external sync mode. Transmission is 
initiated on the negative transition of the first full 
positive clock p ulse of the Transmit Clock (Tx CLK) after 
the release of CTS. See Figure 6. 

Data Car rier Detect (DCD) 

The DCD input provides a real-time inhibit to the 
receiver secti on (the Rx FIFO is not disturbed). A 
positive DCD transition resets and inhibits the receiver 
section except for the receive FIFO and the RDRA 
status bit and its associated IRQ. 

The positive transition of DCD is stored within the 
SSDA to insure that its occurrenc e wi ll be acknowl- 
edged by the system. The stored DCD information and 
its associated IRQ (if enabled) are cleared by reading 
the status register and then the receive FIF O, or by 
writing a "1" into the receive r res et bit. The DCD status 
bit subseq uently follows the DCD input when it goes 
LOW. The DCD input provides character synchronization 
timing for the receiver during the external sync mode of 
operation. The receiver will be initialized and data will 
be sampled on the positive transitio n of t he first full 
Receive Clock cycle after release of DCD. See Figure 7. 

Sync Ma tch/D ata Terminal Ready (SM/DTR) 

The SM/DTR output provides four functions depending 
on the state of the PC1 and PC2 control bits. When the 
Sync Match mode is selected (PC1 = "1", PC2 = "0"), 
the output provides a one-bit-wide pulse when a sync 
code is detected. This pulse occurs for each sync code 
match even if the receiver has already attained 
synchronization. The SM output is inhibited when 
PC2 = "1". The DTR mode (PC1 = "0") provides an 
outpu t level corresponding to the complement of PC2 
(DTR = "0" when PC2 = "1"). See Table 1. 

Transmitter Underflow (TUF) 

The Transmitter Underflow output indicates the occurrence 
of a transfer of a "fill character" to the transmitter shift 
register when the last location (No. 3) in the transmit 
data FIFO is empty. The Transmitter Underflow output 
pulse is approximately a Tx CLK HIGH period wide and 
occurs during the last half of the last bit of the character 
preceding the underflow. See Figure 4. The Transmitter 
Underflow output pulse does not occur when the Tx Sync 
bit is in the reset state. 
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SSDA Registers 

Seven registers in the SSDA can be accessed by means 
of the bus. The registers are defined as a read-only or 
write-only according to the direction of information flow 
The Register Select input (RS) selects two registers in 
each state, one being read-on ly__and the other write- 
only. The Read/Write input (R/W) defines which of the 
two selected registers will actually be accessed. Four 
registers (two read-only and two write-only) can be 
addressed via the bus at any particular time. These 
registers and the required addressing are defined 
in Table 1. 

Control Register 1 (C1) 

Control register 1 is an 8-bit, write-only register that can 
be addressed directly from the data bus. Control 
register 1 is addressed when RS = "0" and R/W = "0". 

Receiver Reset (Rx Rs), C1 Bit 

The receiver reset control bit provides both a reset and 
inhibit function to the receiver section. When Rx Rs is 
set, it clears the receiver control logic, sync logic, error 
logic , Rx Data FIFO control, parity error status bit, and 
DCD interrupt. The receiver shift register is set to "1s". 
The Rx Rs bit must be cleared after the occurrence of a 
LOW level on RESET in order to enable the receiver 
section of the SSDA. 

Transmitter Reset (Tx Rs), C1 Bit 1 

The transmitter reset control bit provides both a reset 
and inhibit to the transmitter section. When Tx Rs is set, 
it clears the transmitter control section, transmitter shift 
register, Tx Data FIFO (which can be reloaded after one 
E cl ock pulse), the transmitter underflow status bit, and 
the CTS interrupt, and inhibits the TDRA status bit (in 
the one-sync-character and two-sync-character modes). 
The Tx Rs bit must be cleared after the occurrence of a 
LOW level on RESET in order to enable the transmitter 
section of the SSDA. If the Tx FIFO is not preloaded, it 
must be loaded immediately after the Tx Rs release to 
prevent a transmitter underflow condition. 

Strip Synchronization Characters (Strip Sync), CI Bit 2 

If the strip sync bit is set, the SSDA will automatically 
strip all received characters that match the contents of 
the sync code register. The characters used for 
synchronization (one or two characters of sync) are 
always stripped from the received data stream. 

Clear Synchronization (Clear Sync), C1 Bit 3 

The clear sync control bit provides the capability of 
dropping receiver character synchronization and 



inhibiting resynchronization. The clear sync bit Is set to 
clear and inhibit receiver synchronization in all modes 
and is reset to "0" to enable resynchronization. 

Transmitter Interrupt Enable (TIE), CI Bit 4 ___ 

TIE enables both the Interrupt Request output (IRQ) and 
interrupt request status bit to indicate a transmitter 
service request. When TIE is set and the TDRA status 
bit is HIGH, the IRQ output will go LOW (the active 
state) and the IRQ status bit will go HIGH. 

Receiver Interrupt Enable (RIE), CI Bit 5 

RIE enables both the Interrupt Request output (IRQ) 
and the interrupt request status bit to indicate a receiver 
service request. When RIE is set and the RDA status Is 
HIGH, the IRQ output will go LOW (the active state) 
and the IRQ status bit will go HIGH. 

Address Control 1 (AC1) and Address Control 2 (AC2), 
C1 Bits 6 and 7 

AC1 and AC2 select one of the write-only registers — 
control 2, control 3, sync code, or transmit data 
FIFO — as shown in Table 1, when RS = "1" and 
R/W = "0". 

Control Register 2 (C2) 

Control register 2 Is an 8-bit, write-only register that 
can be programmed from the bus when the address 
control bits in control j;;egister 1 (AC1 and AC2) are 
reset, RS = "1" and R/W = "0". 

Peripheral Control 1 (PC1) and Peripheral Control 2 (PC2), 
C2 Bits and 1 

Two control bits, PC1 and PC2, d eterm ine the operating 
characteristics of the Sync Match/DTR output. PC1, 
when HIGH, selects the Sync Match mode. P C2 
provides the inhibit/enable control for the SM/DTR 
output in the sync match mode. A one-bit-wide pulse is 
generated at the output when PC2 Is "0", and a match 
occurs between the contents of the sync code register 
and the incoming data even if sync is inhibited (Clear 
Sync bit = "1".) The sync match pulse is referenced to 
the negative edge of Rx CLK pulse causing the match. 
See Figure 3. 

The Data Terminal Ready (DTR) models selected when 
PC1 is LOW. When PC2 = "1", the SM/DTR output = "0", 
and vice versa. The operation of PC2 and PC1 is 
summarized in Table 1. 
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1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 

When 1-Byte/2-Byte is set, the TDRA and RDA status 
bits will indicate the availability of their respective data 
FIFO register for a single -byte data transfer. Alternately, 
if 1-Byte/2-Byte is reset, the tDRA and RDA status bits 
indicate v^/hen two bytes of data can be moved without 
a second status read. An intervening Enable pulse must 
occur between data transfers. 

Word Length Selects (WS1, WS2, WS3), C2 Bits 3, 4, 5 

Word length select bits WS1, WS2, and WS3 select word 
length of seven, eight, or nine bits, including parity, as 
shown in Table 1. 

Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6 

When Tx Sync is set, the transmitter will automatically 
send a sync character when data is not available for 
transmission. If Tx Sync is reset, the transmitter will 
transmit a mark character (including the parity bit 
position) on underflow. When the underflow is detected, 
a pulse approximately a Tx CLK HIGH period wide will 
occur on the underflow output if the Tx Sync bit is set.. 
Internal parity generation is inhibited during underflow 
except for sync code fill character transmission in 8-bit 
plus parity word lengths. 

Error Interrupt Enable (EIE), C2 Bit 7 

When EIE is set, the IRQ status bit will go HIGH and 
the IRQ output will go LOW if: 

1. A receiver overrun occurs. The interrupt is cleared 
by reading the status register and reading the 

Rx D ata FIFO. 

2. DCD input has gone to a "1". The interrupt is 
cleared by reading the status register and reading the 
Rx Data FIFO. 

3. A parity error exists for the character in the last location 
(No. 3) of the Rx Data FIFO. The interrupt is cleared by 
reading the Rx Data FIFO. 

4. The GTS input has gone to a "1" . The interrupt is cleared 
by writing a "1" in the Clear GTS bit, 03 bit 2, or by 

Tx Reset. 

5. The transmitter has underf lowed (in the Tx Sync on 
underflow mode). The interrupt is cleared by writing a 
"V into the clear underflow, C3 bit 3, or Tx Reset. 

When EIE is a "0", the IRQ status bit and the IRQ 
output are disabl ed for the above error conditions. A 
LOW level on the RESET input resets EIE to "0". 

Control Register 3 (C3) 

Control Register 3 is a 4-bit, write-only register that_can be 
programmmed from the bus when RS = "1" and R/W = "0", 
and address control bit AG1 = "1" and AC2 = "0". 



External/Internal Sync Mode Control (E/l Sync), C3 Bit 

When the E/l sync mode bit is HIGH, the SSDA is in 
the external sync mode and the receiver synchronization 
logic is disabled. Synchronization can be achieved by 
means of the DCD input or by starting Rx C LK at the 
midpoint of data bit of a character with DCD LOW. 
Both the transmitter and receiver sections operate as 
parallel — serial converters in the external sync mode. 
The clear sync bit in control register 1 acts as a receiver 
sync inhibit when HIGH to provide a bus-controllable 
inhibit. The sync code register can serve as a 
transmitter fill character register a nd a re ceiver match 
register in this mode. A LOW on the RESET input resets 
the E/l sync mode bit, placing the SSDA in the internal 
sync mode. 

One-Sync-Cliaracter/Two-Sync-Character Mode Control 
(1.Sync/2-Sync), C3 Bit 1 

When the 1-Sync/2-Sync bit is set, the SSDA will 
synchronize on a single match between the received 
data and the contents of the sync code register. When 
the 1-Sync/2-Sync bit is reset, two successive sync 
characters must be received prior to receiver synchroni- 
zation. If the second sync character is not detected, the 
bit-by-bit search resumes from the first bit in the second 
character. See the description of the sync code register 
for more details. 

Clear CTS Status (Clear CTS), C3 Bit 2 

When a "1" is written into the CTS bit, the s tore d status 
and interrupt are cleared. S ubse quently, the CTS statu s 
bit reflects the state of the CT S inp ut. The Clear CTS 
control bit does not affect the CTS i nput nor its inhibit 
of the transmitter section. The Clear CTS command bit 
is self-clearing, and writing "0" into this bit is a 
nonfunctional operation. 

Clear Transmit Underflow Status (CTUF), C3 Bit 3 

When a "1" is written into the CTUF status bit, the 
CTUF bit and its associated interrupt are reset. The 
CTUF command bit is self-clearing and writing a "0" 
into this bit is a nonfunctional operation. 

Sync Code Register 

The sync code register is an 8-bit register for storing 
the programmable sync code required for received data 
character synchronization in the one-sync-character and 
two-sync-character modes. The sync code register also 
provides for stripping the sync/fill characters from the 
received data (a programmable option) as well as 
automatic insertion of fill characters in the transmitted 
data stream. The sync code register is not utilized for 
receiver character synchronization in the external sync 
mode; however, it provides storage of receiver match 
and transmit fill characters. 
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The sync code register can be loaded when_AC2 and 
AC1 are a "1" and "0", respectively, and R/W = "0" and 
RS = "1". 

The sync code register may be changed after the 
detection of a match with the received data (the first 
sync code having been detected) to synchronize with a 
double-word sync pattern. (This sync code change must 
occur prior to the completion of the second character.) 
The sync match (SM) output can be used to interrupt 
the MPU system to indicate that the first eight bits have 
matched. The service routine would then change the 
sync match register to the second half of the pattern. 
Alternately, the one-sync-character mode can be used 
for sync codes for 16 or more bits by using software to 
check the second and subsequent bytes after reading 
them from the FIFO. 

The detection of the sync code can be programmed to 
appear on the Sync Match/DTR output by writing a "1" 
in PC1 (C2 bit 0) and a "0" in PC2 (C2 bit 1). The Sync 
Match output will go HIGH for one bit time beginning at 
the character interface between the' sync code and the 
next character (see Figure 3). 

Parity for Sync Character 

Transrtiitter 

The transmitter does not generate parity for the sync 
character except in the 9-bit mode. 



9-bit (8-bit + parity) 
8-bit (7-bit + parity) 
7-bit (6-bit + parity) 



Receiver 



. 8-bit sync character + parity 
. 8-bit sync character (no parity) 
. 8-bit sync character (no parity) 



At Synchronization 

The receiver automatically strips the sync character(s) (two 
sync characters if 2-sync mode is selected) that is used 
to establish synchronization. Parity is not checked for 
these sync characters. 

After Synchronization is Established 

When strip-sync bit is selected, the sync characters (fill 
characters) are stripped and parity is not checked for 
the stripped sync (fill) characters. When strip-syhc bit is 
not selected (LOW), the sync character is assumed to 
be normal data and it is transferred into FIFO after 
parity checking. (When non-parity format is selected, 
parity is not checked.) 



Strip Sync 
(C1 Bit 2) 


WS0-WS2 
(Data Format) 
(C2 Bit 3-5) 




1 


X 


No transfer of sync code. No 
parity check of sync code. 





With 
Parity 


*Transfer data and sync 
codes. Parity check. 





Without 
Parity 


*Transfer data and sync 
codes. No parity check. 



Subsequent to synchronization. 

It is necessary to pay attention to the selected sync 
character in the following cases: 

1. Data format is (6 + parity), (7 + parity). 

2. Strip sync is not selected (LOW). 

3. After synchronization when sync code is used as 
a fill character. 

The transmitter sends the sync character without parity, but 
the receiver checks the parity as if it is normal data. 
Therefore, the sync character should be chosen to 
match the parity check selected for the receiver in this 
special case. 

Receive Data First-ln First-Out Register (Rx Data FIFO) 

The receive data FIFO register consists of three 8-bit 
registers that are used for buffer storage of received 
data. Each 8-bit register has an internal status bit that 
monitors its full or empty condition. Data is always 
transferred from a full register to an adjacent empty 
register. The transfer from register to register occurs on 
E pulses. The RDA status bit will be HIGH when data is 
available in the last location of the Rx Data FIFO. 

In an overrun condition, the overrunning character will 
be transferred into the full first stage of the FIFO 
register and will cause the loss of that data character. 
Successive overruns continue to overwrite the first 
register of the FIFO. This destruction of data is 
indicated by means of the overrun status bit. The 
overrun bit will be set when the overrun occurs and 
remains set until the status register is read, followed by 
a read of the Rx Data FIFO. 

Unused data bits for short word lengths (including the 
parity bit) will appear as "Os" on the data bus when 
Rx Data FIFO is read. 
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Transmit Data First-ln First-Out Register (Tx Data FIFO) 

The transmit data FIFO register consists of three 8-bit 
registers that are used for buffer storage of data to be 
transmitted. Each 8-blt register has an Internal status bit 
that monitors its full or empty condition. Data is always 
transferred from a full register to an adjacent empty 
register. The transfer is clocked by E pulses. 

The TDRA status bit will be HIGH if the Tx Data FIFO is 
available for data. 

Unused data bits for short word lengths will be handled 
as "don't cares". The parity bit is not transferred 
over the data bus, since the SSDA generates parity at 
transmission. 

When an underflow occurs, the underflow character will 
be either the contents of the sync code register or an 
all -"1s" character. The underflow will be stored in the 
status register until cleared and will appear on the under- 
flow output as a pulse approximately a Tx CLK HIGH 
period wide. 

Status Register 

The status register is an 8-bit, read-only register that 
provides the real-time status of the SSDA and the 
associated serial data channel. Reading the status 
register is a non-destructive process. The method of 
clearing status bits depends upon the function each bit 
represents and is discussed for each bit in the register. 

Receiver Data Available (RDA), S Bit 

The receiver data available status bit indicates when 
receiver data can be read from the Rx Data FIFO. The 
receiver data being present in the last register (No. 3) of 
the FIFO causes RDA to be HIGH for the 1-byte transfer 
mode. The RDA bit being HIGH indicates that the last 
two registers (No. 2 and No. 3) are full when in the 
2-byte transfer mode. The second character can be read 
without a second status read (to determine that the 
character is available). An E pulse must occur between 
reads of the Rx Data FIFO to allow the FIFO to shift. 
Status must be read on a word-by-word basis if receiver 
data error checking is important. The RDA status bit is 
reset automatically when data is not available. 

Transmitter Data Register Available (TDRA), S Bit 1 

The TDRA status bit indicates that data can be loaded 
into the Tx Data FIFO register. The first register (No. 1) 
of the Tx Data FIFO being empty will be indicated by a 
HIGH level of the TDRA status bit in the 1-byte transfer 
mode. The first two registers (No. 1 and No. 2) must be 
empty for TDRA to be HIGH when in the 2-byte transfer 



mode. The Tx Data FIFO can be loaded with two bytes 
without an intervening status read; however, one E pulse 
must occur betwee n loads. TDRA is inhibited by the 
Tx Reset or RESET. When Tx Reset is set, the Tx Data 
FIFO is cleared and then released on the next E clock 
pulse. The Tx Data FIFO can then be loaded with up to 
three characters of data, even though TDRA is inhibited. 
This feature allows preloading dat a pri or to the release 
of Tx Reset. A HIGH level on the GTS input inhibits the 
TDRA status bit in either sync mode of ope ration (one- 
sync-character or two-sync-character). GTS does not 
affect TDRA in the external sync mode. This enables the 
SSDA to operate under the control of the GTS input, 
with TDRA indicating the status of the Tx Data FIFO. 
The GTS input does not clear the Tx Data FIFO in any 
operating mode. 

Data Carrier Detect (DCD), S Bit 2 

A positive transition on the DCD input is stored in the 
SSDA until cleared by reading both status and Rx Data 
FIFO . A "1" writt en int o Rx Rs also clears the stored 
DCD sta tus. The DCD status bit, when set, indicates 
that the DCD input has gone HIGH. The reading of both 
status and receive data FIFO allows bit 2 of s ubsequent 
status reads to indicate the state of the DCD input until 
the next positive transition. 

Clear-to-Send (CfS), S Bit 3 

A positive transition on the GTS input is stored in the 
SSDA until cleared by writing a "1" i nto the Clear GTS 
control bit or the Tx R s bit . The GTS status bit, when 
set, in dicat es that the GTS input has gone HIGH. The 
Clear GTS command (a "1" into C3 bit 2) allows bit 3 o1 
subsequent status reads to indicate the state of the GTS 
input until the next positive transition. 

Transmitter Underflow (TUF), S Bit 4 

When data is not available for the transmitter, an 
underflow occurs and is so indicated in the status 
register (in the Tx Sync on underflow mode). The 
underflow status bit is cleared by writing a "1" into the 
clear underflow (CTUF) control bit or the Tx Rs bit. 
TUF indicates that a sync character will be transmitted 
as the next character. A TUF is indicated on the output 
only when the contents of the sync code register are to 
be transferred (transmit sync code on underflow == "1"). 

Receiver Overrun (Rx Ovrn), S Bit 5 

Overrun indicates data has been received when the 
Rx Data FIFO is full, resulting in data loss. The Rx Ovrn 
status bit is set when overrun occurs. The Rx Ovrn 
status bit is cleared by reading status followed by 
reading the Rx Data FIFO or by setting the Rx Rs 
control bit. 
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Receiver Parity Error (PE), S Bit 6 

The parity error status bit indicates that parity for the 
character in the last register of the Rx Data FIFO did 
not agree with selected parity. The parity error is 
cleared when the character to which it pertains is read 
from the Rx Data FIFO or when Rx Rs occurs. The 
DCD input does not clear the parity error or Rx Data 
FIFO status bits. 



Interrupt Request (IRQ), S Bit 7 

The interrupt request status bit i ndicates when the IRQ 
output is in the active state (IRQ output = "0"). The IRQ 
status bit is subject t o th e same interrupt enables (RIE, 
TIE, and EIE) as the IRQ output. The IRQ status bit 
simplifies status inquiries for polling systems by 
providing single-bit indication of service requests. 



Table 1 SSDA Programming Model 





Control 


Address 


















Register 


Inputs 


Control 


Register Content 
















RS R/W 


AC2 


AC1 


Bit 7 


Bit 6 


Bit 5 


Bit 4 


Bit 3 


Bit 2 


Bit 1 


Bit 


Status 


1 


X 


X 


Interrupt 


Receiver 


Receiver 


Transmitter 


Clear-to- 


Data Carrier 


Transmitter 


Receiver 


(S) 








Request 


Parity 


Overrun 


Underflow 


Send 


Detect 


Data 


Data 










(IRQ) 


Error 
(PE) 


(Rx Ovrn) 


(TUF) 


(CTS) 


(DCD) 


Register 
Available 
(TDRA) 


Available 
(RDA) 


Control 1 





X 


X 


Address 


Address 


Receiver 


Transmitter 


Clear 


Strip Sync 


Transmitter 


Receiver 


CI 








Control 2 


Control 1 


Interrupt 


Interrupt 


Sync 


Characters 


Reset 


Reset 










(AC2) 


(AC1) 


Enable 
(RIE) 


Enable 
(TIE) 




(Strip Sync) 


(Tx Rs) 


(Rx Rs) 


Receive 


1 1 


X 


X 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


Data FIFO 
























Control 2 


1 








Error 


Transmit 


Word 


Word 


Word 


1-Byte/ 


Peripheral 


Peripheral 


(C2) 








Interrupt 


Sync 


Length 


Length 


Length 


2-Byte 


Control 2 


Control 1 










Enable 


Code on 


Select 3 


Select 2 


Select 1 


Transfer 


(PC2) 


(PCD 










(EIE) 


Underflow 
(Tx Sync) 


(WS3) 


(WS2) 


(WS1) 


(1-Byte/ 
2-Byte) 






Control 3 


1 





1 


Not Used 


Not Used 


Not Used 


Not Used 


Clear 


Clear CTS 


One-Sync- 


External/ 


(C3) 
















Transmitter 
Underflow 
Status 
(CTUF) 


Status 

(Clear CTS) 


Character/ 
Two-Sync- 
Character 
Mode 
Control 
(1-Sync/ 
2-Sync) 


Internal 
Sync Mode 
Control 
(E/l Sync 


Sync 


1 


1 





D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


Code 
























Transmit 


1 


1 


1 


D7 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


Data FIFO 

























X = Don't Care 
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Status Register 

IRQ 



Bit 7 

Bits 6-0 

PE 

Rx Ovm 

TUF 
CTS 
DCD 

TDRA 
RbA 



The IRQ flag is cleared when the source of the IRQ is cleared. The 

source is determined by the enables in the control registers: TIE, RIE, EIE. 

Indicate the SSDA status at a point in time, and can be 

reset as follows: 

Bit 6 Read Rx Data FIFO, or a "1" into Rx Rs (C1 bit 0). 

Bit 5 Read status and then Rx Data FIFO, or a "1" into Rx Rs 

(01 bit 0). 
Bit 4 A "1" into CTUF (03 bit 3) or into Tx Rs (01 bit 1) 

Bit 3 A "1" into OTS (03 bit 2) or a "1" into Tx Rs (01 bit 1 ). 

Bit 2 Read status and then Rx Data FIFO or a "1" into Rx Rs 

(01 bitO). 
Bit 1 Write into Tx Data FIFO. 

Bit Read Rx Data FIFO. 



Control Register 1 



A02, A01 

RIE 

TIE 

Olear Sync 

Strip Sync 

Tx Rs 
Rx Rs 



Bits 7, 6 Used to access other registers, as shown above. 

Bit 5 When "1", enables interrupt on RDA (S bit 0). 

Bit 4 When "1", enables interrupt on TDRA (S bit 1). 

Bit 3 When "1", clears receiver character synchronization 

Bit 2 When "1", strips all sync codes from the received 

data stream. 

Bit 1 When "1", resets and inhibits the transmitter section. 

Bit When "1", resets and inhibits the receiver section. 



Control Register 2 



EIE 

Tx Sync 

WS3, 2, 1 



Bit 7 When "1", enables the PE, Rx Ovm, TUF, OTS, and 

DOD interrupt flags (S bits 6 through 2). 
Bit 6 When "1", allows sync code content to be transferred 

on underflow, and enables the TUF status bit and output. 

When "0", ah all-mark character is transmitted 

on underflow. 
Bits 5-3 Word Length Select 



Bit 5 


Bit 4 


Bit 3 




WS3 


WS2 


WS1 


Word Length 











6 Bits + Even Parity 








1 


6 Bits + Odd Parity 





1 





7 Bits 





1 


1 


8 Bits 


1 








7 Bits + Even Parity 


1 





1 


7 Bits + Odd Parity 


1 


1 





8 Bits + Even Parity 


1 


1 


1 


8 Bits + Odd Parity 
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1-Byte/2-Byte Bit 2 When "1", enables the TDRA and RDA bits to 

indicate when a 1-byte transfer can occur; when "0", 
the TDRA and RDA bits indicate when a 2-byte transfer 
can occ ur. 

PC2, PC1 Bits 1-0 SM/DTR Output Control 



Bit 1 
PC2 


Bit 
PC1 


SI\/I/DTR Output at Pin 5 








1 


1 

Pulse — TL , 1-Bit Wide, on SM 


1 
1 




1 




SM Inhibited, 



Control Register 3 



CTUF 


Bit 3 


When "r 


Clear CTS 


Bit 2 


When "r 


1-Sync/2-Sync 


Bit 1 


When "1 
when "0' 


E/l Sync 


Bit 


When "1 



clears TUF (S bit 4)and IRQ, if enabled. 

clears CTS (S bit 3) and IRQ, if enabled. 
', selects the one-sync-character mode; 
, selects the two-sync-character mode. 
', selects the external sync mode; 
when "0", selects the internal sync mode. 

Notes 

When the SSDA is used in applications requiring the MSB of data to be 
received and transmitted first, the data bus inputs to the SSDA may be 
reversed (Do to D?, etc.). Caution must be used when this is done, since 
the bit positions in this table will be reversed, and the parity should 
not be selected. 



Absolute Maximum Ratings 

Supply Voltage -0.3 V, +7.0 V 

Input Voltage -0.3 V, +7.0 V 

Operating Temperature Range 

F6852P, S, F68A52P, S, F68B52P, S 0°C, +70° C 

F6852CP, CS, F68A52CP, CS -40° C, +85° C 

F6852DLQB -55°C, +85°C 

F6852DMQB -55° C, +125°C 

Storage Temperature Range -55° C, +150°C 

Thermal Resistance 

Plastic Package 120°C/W 

Ceramic Package 60°C/W 



Stresses greater than those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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DC Characteristics Vcc = 5.0 V ± 5%, Vss = 0, Ta = to 70°C unless otherwise noted 



Symbol 


Characteristic 


Signal 


Min 


Typ 


Max 


Unit 


Test Conditions 


VlH 


Input HIGH Voltage 




2.0 






V 




ViL 


Input LOW Voltage 








0.8 


V 




llN 


Input Leakage Current 


TxCLK, RxCLK, 
Rx DATA, Enable, 
RESET, RS, R/W, CS, 
DCD, CTS 




1.0 


2.5 


/uA 


ViN = to 5.25 V 


Itsi 


3-State (OFF State) 
Input Current 


D0-D7 




2.0 


10 


mA 


ViN = 0.4 to 2.4 V, 
Vcc = 5.25 V 


VOH 


Output HIGH Voltage 


D0-D7 

Tx DATA, DTR, TUF 


2.4 
2.4 






V 


iLoad = -205 /uA, 
Enable Pulse Width 
iLoad = -100 /xA, 
Enable Pulse Width 


<25 /xs 
<25 ^ts 


Vol 


Output LOW Voltage 








0.4 


V 


lioad = 1 .6 mA, 
Enable Pulse Width 


<25 fxS 


Iloh 


Output Leakage Current 
(OFF State) 


(IRQ) 




1.0 


10 


mA 


VoH = 2.4 V 


Pd 


Power Dissipation 






300 


525 


mW 




CiN 


Input Capacitance 


D0-D7 

All Other Inputs 






12.5 
7.5 


PF 


ViN = 0, Ta = 25°C, 
f = 1.0 MHz 


COUT 


Output Capacitance 


Tx DATA, SM/DTR, 

TUF 

IRQ 






10 
5.0 


PF 


ViN = 0, Ta = 25°C, 
f = 1.0 MHz 
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AC Characteristics Vcc = 5.0 V ± 5%, Vss = 0, Ta = 0°C to +70° unless otherwise noted. 




Characteristic 


F6852 


F68A52 


F68B52 


Unit 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Test Condition 


PWCL 


Minimum Clock Pulse Width, 
LOW (Figure 1) 


700 




400 




280 




ns 




PWCH 


Minimum Clock Pulse Width, 
HIGH (Figure 2) 


700 




400 




280 




ns 




fc 


Clock Frequency 




600 




1000 




1500 


kHz 




tRDSU 


Receive Data Set-up Time 
(Figures 3, 7) 


350 




200 




160 




ns 




tRDH 


Receive Data Hold Time 
(Figure 3) 


350 




200 




160 




ns 




tSM 


Sync Match Delay Time 
(Figure 3) 




1.0 




0.666 




0.500 


>s 




tTDD 


Clock-to-Data Delay for 
Transmitter (Figure 4) 




1.0 




0.666 




0.500 


MS 




tTUF 


Transmitter Underflow 
(Figure 4, 6) 




1.0 




0.666 




0.500 


MS 




tDTR 


DTR Delay Time (Figure 5) 




1.0 




0.666 




0.500 


MS 




tiR 


Interrupt Request Release Time 
(Figure 5) 




1.2 




0.800 




0.600 


MS 




tRes 


RESET Minimum Pulse Width 


1.0 




0.666 




0.500 




MS 




tCTS 


CTS Set-up Time (Figure 6) 


200 




150 




120 




ns 




tDCD 


DCD Set-up Time (Figure 7) 


500 




350 




250 




ns 




tr, tf 


Input Rise and Fall Times 
(except Enable) 




1.0* 




1.0* 




1.0* 


MS 


0.8 V to 2.0 V 



*1.0 /us or 10% of the pulse width, whichever is smaller. 



5-233 



F6852/F68A52/F68B52 



Bus Timing Characteristics 
Read (Figures 8 and 10) 




Characteristic 


F6852 


F68A52 


F68B52 




Symbol 


Min 


Max 


IMin 


Max 


IMin 


Max 


Unit 


tcycE 


Enable Cycle Time 


1.0 




0.666 




0.5 




MS 


PWeh 


Enable Pulse Width. HIGH 


0.45 


25 


0.28 


25 


0.22 


25 


/US 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




MS 


tAS 


Set-up Time, Address and R/W valid to 
Enable positive transition 


160 




140 




70 




ns 


tDDR 


Data Delay Time 




320 




220 




180 


ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable input 




25 




25 




25 


ns 


Write (Figures 9 and 10) 


tcycE 


Enable Cycle Time 


1.0 




0.666 




0.5 




MS 


PWeh 


Enable Pulse Width, HIGH 


0.45 


25 


0.28 


25 


0.22 


25 


MS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




MS 


tAS 


Set-up Time, Address and R/W valid to 
Enable positive transition 


160 




140 




70 




ns 


tDSW 


Data Set-up Time 


195 




80 




60 




ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable input 




25 




25 




25 


ns 



Fig. 1 Cloclc Pulse Width, Low-State 

-PWCL- 



Tx CLK 

OR 
Rx CLK 0.8 V 



0.8 ^^^ -^^ 



Fig. 2 Clock Pulse Width, High-State 



Tx CLK 2.0 V - 

OR 
Rx CLK 
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Fig. 3 Receive Data Set-up and Hold Times 
and Sync IMatch Delay Time 



^_vz. ^^'^'^ ^ \ 



SYNC MATCH . 



n = Number of bits in character 
= Don't care 



P3IZ)^^»ZZ€ 



^C^^^Md 



y 



-=1 Rx CLK PERIOD- 



Fig. 4 Transmit Data Output Delay and 
Transmitter Underflow Delay Time 



Tx 
CLK 



y. 



2.4 V 
0.4 V 



" V... J r \ 



X 



= Tx CLK HIGH 
PERIOD 



2.4 V \ 

0.4 vN — 



Fig. 5 Data Terminal Ready and 

Interrupt Request Release Times 



/v 






n = Number of bits in character 
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Fig. 6 Clear-to-Send Set-up Time 

CIS 



0.8 V J t. 



,/C — V r 



X 



Fig. 7 Data Carrier Detect Set-up Time 

DCD y 

0.8 V J 



, / \ 1 0.8 V 



-tDCD 
2.0 V 



V'-a.o V 
/^a8v_ 



Fig. 8 Bus Read Timing Characteristics 
(Read information from SSDA) 



Rx, CS, R/W 



ID.: 



-tEr 
tDDR 



-♦-PWeh-I^ 



i- ^6— a^o.8V 



2.0 V 
0.8 V 






Fig. 9 Bus Write Timing Characteristics 
(Write information into SSDA) 



vToT 

/ 3 .0.8 V 



-tcycE- 



j'"'^^. ,cr 



X 



X2.0 V ^r 
o£v^r 



Fig. 10 Bus Timing Test Loads 

Load A 

(D0-D7, DTR, Tx DATA, TUF) 



TEST POINT f 




1N914 

OR 

EQUIVALENT 



C = 130 pF fo r D0- D7 

= 30 pF for DTR, Tx DATA, and TUF 
R = 11.7 kn for D0-D7 

= 24 kn for DTR, Tx DATA, and TUF 

Load B 
(IRQ Oniy) 



TEST POINT - 
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Ordering Information 




Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6852 P,S 
F6852 CP.CS 
F6852 DLQB 
F6852 DMQB 


0°Cto70°C 
-40°Cto+85°C 
-55°Cto+85°C 
-55°Cto+125°C 


1.5 MHz 


F68A52 P.S 
F68A52 CP.CS 


0°Cto 70° C 
-40°Cto+85°C 


2.0 MHz 


F68B52 P.S 


0°Cto70°C 



P = Plastic package; S = Ceramic package 
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F6854/F68A54/F68B54 
Advanced Data Link 
Controller (ADLC) 



Microprocessor Product 



Description 

The F6854/F68A54/F68B54 Advanced Data Link Controllers 
(ADLC) perform the complex MPU/data communication 
link function for the Advanced Data Communication 
Control Procedure (ADCCP), High-level Data Link Control 
(HDLC) and Synchronous Data Link Control (SDLC) 
standards. The ADLC provides key interface requirements 
with improved software efficiency. The ADLC is designed to 
provide the data communications interface for both primary 
and secondary stations in stand-alone, polling and loop 
configurations. 

• F6800 Compatible 

• Protocol Features 

• Automatic Flag Detection and Synchronization 

• Zero Insertion and Deletion 

• Automatic Address Field Extension (Optional) 

• Extended Control Field (Optional) 

• Auto Extendable Logic Control Field (Optional) 

• Variable Word Length Information Field 
5-, 6-, 7-, or 8-Bit 

• Automatic Frame Check Sequence 
Generation and Check 

• Abort Detection and Transmission 

• Idle Detection and Transmission 

• Modem/Data Channel Control Lines 

• Loop Mode 

• Single 5 V Power Supply 

• Enhanced Speed Options 
F6854— 1.0 MHz 
F68A54— 1.5 MHz 
F68B54-2.0 MHz 



Logic Symbol 







^ 


lU 


RxC 


TxC 


CS RSi 

RSo F 


E GTS 
VW DCD 


Rx Data 






FLAG DET 


RESET 






LOC/DTR 


D0-D7 


RTS T 


xData IRQ 


RDSR TDSR 



-FTTTl 






Connection Diagram 
28-Pin DIP 



Pin Names 

RxData 

RxC 

TxC 

RESET 

CS 

RSo, RSi 

R/W 

E 

DCD 

CTS 

Do- D7 

RTS 

TxData 

IRQ 

RDSR 

TDSR 

FLAG DET 
LOC/DTR 

Vss 
Vcc 



vssCi 

RTSC 2 

RxData C 3 

RxCC 4 

TxCC 5 

TxData C 6 

IrqC 7 
RlslrC 8 

C§C 9 
RSo C 10 
RSi C 11 
R/WC 12 
EC 13 

VccC 14 



Receiver Serial Data Input 
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Block Diagram 
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Operation 

Initialization 

During a powe r-on sequence, the ADLC is reset via the 
Reset (RESET) input and internally latched in a reset 
condition to prevent erroneous output transitions. The four 
Control Registers must be programmed prior to the release 
of the reset condition. The release of the reset condition is 
performed via software by writing a LOW into the Receiver 
Reset (RxRS) control bit and/or Transmitter Reset (TxRS) 
contr ol bit. T he release of the reset condition will be done 
after RESET has gone HIGH. 

At any time during operation, writing a HIGH into the 
RxRS control bit or TxRS control bit causes the reset 
condition of the receiver or transmitter section. 



Transmitter Operation 

The Transmitter Data FIFO Register (Tx FIFO) cannot be 
pre-loaded when the transmitter section is in a reset state. 
After the reset release, the Flag/Mark Idle Select control bit 
(F/M Idle) selects either the mark idle state (inactive idle) 
or the flag time fill (active idle) state. This active or inactive 
mark idle state will continue until data is loaded into the 
Tx FIFO. 

The availability of the Tx FIFO is indicated by the 
Transmitter Data Available/Frame Complete (TDRA/FC) 
status bit under the control of the 2-Byte/1-Byte Transfer 
(2/1-Byte) control bit. TDRA status is inhibited by the 
TxRS control bit or Clear-to-Send (CTS) input being 
HIGH. When the 1-byte mode is selected, one byte of the 
Tx FIFO is available for data transfer when TDRA/FC goes 
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HIGH. When the 2-byte mode is selected, two successive 
bytes can be transferred when TDRA/FC goes HIGH. 

The first byte (address field) should be written into the 
Tx FIFO at the frame-continue address. Then the trans- 
mission of a frame automatically starts. If the Transmitter is 
in a mark idle state, the transfer of an address causes an 
opening flag within two or three transmitter clock cycles. If 
the Transmitter has been in a time fill state, the current time 
fill flag being transmitted is assumed as an opening flag 
and the address field will follow it. 

A frame continues as long as data is written into the 
Tx FIFO at the frame-continue address. The ADLC 
internally keeps track of the field sequence in the frame. 
The frame format is described in the Frame Format section. 



ADLC Transmitter State Diagram 

(Cibi refers to Control Register bit) 



The frame is terminated by one of two methods. The most 
efficient way to terminate the frame from a software 
standpoint is to write the last data character into the 
Tx FIFO frame-terminate address (RSi, RSo = HH) rather 
than the Tx FIFO frame-continue address (RSi, RSo = HL). 
An alternate method is to follow the last write of data in the 
Tx FIFO frame-continue address with the setting of the 
Transmit Last Data (Tx Last) control bit. Either method 
causes the last character to be transmitted and the Frame 
Check Sequence (FCS) field to be appended automatically 
along with a closing flag. Data for a new frame can be 
loaded into the Tx FIFO immediately after the old frame 
data if TDRA/FC is HIGH. The closing flag can serve as 
the opening flag of the next frame, or separate opening and 
closing flags may be transmitted. If a new frame is not 
ready to be transmitted, the ADLC will automatically trans- 
mit the active (flag) or inactive (mark) idle condition. 




FIFO EMPTY 



FLAG IDLE (C2b2 = H) 

OR 

2F INTERFRAME (C4b0 = H) 




C3b1 EXTEND CONTROL 
(1 BYTE ONLY) 



Data Being Transmitted: 
F = flag 
A = address 
C = (link) control 



LC = logical control (optional) 

I = information 

FCS = frame check sequence 

ABT = abort 
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If the Tx FIFO becomes empty at any time during frame 
transmission (the Tx FIFO has no data to transfer into the 
transmitter shift register during transmission of the last half 
of the next-to-last bit of a word), an underrun will occur 
and the Transmitter automatically terminates the frame by 
transmitting an abort. The underrun state is indicated by 
the Transmitter Underrun (TxU.) status bit. 

Any time the Transmit Abort (ABT) control bit Is set, the 
Transmitter immediately aborts the frame (transmits at least 
eight consecutive 1s) and clears the Tx FIFO. If the Abort 
Extend (ABTex) control bit is set at the time, an idle (at 
least 16 consecutive Is) is transmitted. An abort or idle in 
an out-of-frame condition can be useful to gain eight or 16 
bits of delay. (For an example see Programming Consider- 
ations.) 

The GTS input and Request-to-Send (RTS) output 
are provided for a modem or other hardware interface. 

The TDRA/FC status bit (when selected to be frame-com- 
plete status) can cause an interrupt upon frame completion 
(i.e., a flag or abort completion). 

Details regarding the pin functions, Tx FIFO operation, and 
control and status registers are described in their respective 
sections. 

Receiver Operation 

Data and a pre-synchronized clock are provided to the 
ADLC receiver section by means of the Receiver Serial Data 
(RxData) and Receiver Data Timing Clock (RxC) inputs. 
The data is a continuous stream of binary bits with the 
characteristic that a maximum of five Is can occur in 
succession unless abort, flag, or idling conditions occur. 
The Receiver continuously (on a bit-by-bit basis) searches 
for flags and aborts. 

When a flag is detected, the Receiver establishes frame 
synchronization to the flag timing. If a series of flags is 
received, the Receiver resynchronizes to each flag. 

If the frame is terminated before the internal buffer time 
expires (the frame data is less than 25 bits after an 
opening flag), the frame is simply ignored. Noise on 
RxData during time fill can cause this kind of 
invalid frame. 



register (Register 3) for the 1-byte transfer mode. The 
2-byte transfer mode causes the RDA status bit to indicate 
data is available when the last two Rx FIFO register 
locations (Registers 2 and 3) are full. If the data character 
present in the Rx FIFO is an address octet, Status Register 
1 will exhibit an address present status condition. Data 
being available in the Rx FIFO causes an interrupt to be 
initiated (assuming the Receiver Interrupt Enable (RIE) 
control bit is enabled, RIE="1"). The MRU will read the 
ADLC status registers as a result of the interrupt or in its 
turn in a polling sequence. The Receiver Data Available 
(RDA) or Address Present (AP) status bits will indicate that 
receiver data is available and the MPU should subsequently 
read the Rx FIFO. The Interrupt Request (IRQ) and RDA 
status bits will then be reset automatically. If more than one 
character is received and is resident in the Rx FIFO, 
subsequent E clocks will cause the Rx FIFO to update 
and the RDA and IRQ status bits will again be set. In the 
2-byte transfer mode both data bytes may be read on 
consecutive E cycles. The AP status bit provides for 1-byte 
transfers only. 

The sequence of each field in the received frame is 
automatically handled by the ADLC. The frame format is 
described in the Frame Format section. 

When a closing flag is received, the frame is terminated. 
The 16 bits preceding the closing flag are regarded as 
the FCS and are not transferred to the MPU. Whatever 
data is present in the most significant byte portion of the 
receiver buffer register is right justified and transferred to 
the Rx FIFO. The frame boundary pointer, explained in the 
Rx FIFO Register section, is set simultaneously in 
the Rx FIFO. The frame boundary pointer sets the Frame 
Valid (FV) status bit (when the frame was completed with 
no error) or the Frame Check Sequence/Invalid Frame 
Error (ERR) status bit (when the frame was completed with 
error) when the last byte of the frame appears at the last 
location of the Rx FIFO. As long as the FV or ERR status 
bit is set, the data transfer from the second location of the 
Rx FIFO to the last location of the Rx FIFO is inhibited. 

Any time the Rx Frame Discontinue (DISCONTINUE) 
control bit is set, the ADLC discards the current frame data 
in the ADLC without dropping flag synchronization. This 
feature can be used to ignore a frame which is addressed 
to another station. 



Once synchronization has been achieved and the internal 
buffer time (24 bit-times) expires, data will automatically 
transfer to the Receiver Data FIFO Register (RxFIFO). The 
Rx FIFO is clocked by System Control Clock (E) input to 
cause received data to move through the Rx FIFO to the 
last empty register location. The Receiver Data Available 
(RDA) status bit indicates when data is present in the last 



The reception of an abort or idle is explained in the Frame 
Format section. The details regarding the pin functions, 
Rx FIFO operation, and control and status registers are 
described in their respective sections. 
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ADLC Receiver State Diagram 
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Loop Mode Operation 

In the loop mode the ADLC not only transmits and 
receives data frames in the manner previously described, 
but also has additional features for gaining and relinquish- 
ing loop control. In Figure 1, a configuration is shown 
which depicts loop mode operation. The system configura- 
tion shows a primary station and several secondary 
stations. The loop is always under control of the primary 
station. When the primary wants to receive data, it transmits 
a poll sequence and allows frame transmission to 
secondary stations on the loop. Each secondary is in series 
and adds one bit of delay to the loop. Secondary A in the 
figure receives data from the primary via the RxData input, 
delays the data one bit, and transmits it to secondary B via 
the Transmitter Serial Data (TxData) output. Secondaries B, 
C, and D operate in a similar manner. Therefore, data 
passes through each secondary and is received back by the 
primary controller. 



Fig. 1 Typical Loop Configuration 



POLL FRAME + 01111111.. 




PRIMARY 
CONTROLLER 
(NON-LOOP) 



POLL FRAME + SECONDARY 
STATION FRAMES + 11111111. 



SECONDARY STATIONS (A,B,C,D) 
OPERATE IN LOOP MODE 
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Certain protocol rules must be followed that establish the 
manner by which the secondary station places itself 
on-loop (connects TxData to the loop), goes active on the 
loop (starts transmitting data on the loop), and goes off 
the loop (disconnects TxData). Otherwise, loop data to 
other stations down-loop would be interrupted. The data 
stream always flows the same way; the order in which 
secondary terminals are serviced Is determined by the 
hardware configuration. The primary controller times the 
delay through the loop. Should it exceed n + 1 bit-times, 
where n is the number of secondary terminals on the loop, 
it will indicate a loop failure. Control is transferred to a 
secondary by transmitting a go-ahead signal following the 
closing flag of a polling frame (request for a response from 
the secondary) from the primary station. The go-ahead 
from the primary is a and seven 1s followed by mark 
idling. The primary can abort its response request by 
interrupting its idle with flags. The secondary should 
immediately stop transmission and return control to the 
primary. When the secondary completes its frame, a closing 
flag is transmitted followed by all 1s. The primary detects 
the final 01111111 (go-ahead to the primary) and resumes 
control. Note that if a down-loop secondary (e.g., station D) 
needs to Insert information following an up-loop station 
(e.g., station A), the go-ahead to station D is the last of 
the closing flag from station A followed by Is. 

The ADLC in the primary station should operate in a 
non-loop, full-duplex mode. The ADLC in the secondaries 
should operate in a loop mode, monitoring up-loop data 



on RxData. The ADLC can recognize the necessary 
sequences in the data stream to automatically go on/off the 
loop and to insert its own station data. This procedure is 
summarized in Table 1. 

1. Go On-loop — When the ADLC powers up, the 
terminal station will be off line. The first task is to 
become an active terminal on the loop. The ADLC must 
be connected to a loop link via an external switch as 
shown in Figure 2. After a hardware reset, th e ADLC 
Loop On-line Control/Data Terminal Ready (LOC/DTR) 
output will be in the HIGH state and the up-loop receive 
data repeated through gate A to the down-loop stations. 
Any up-loop transmission will be received by the ADLC. 
The Loop/Non-Loop Mode (LOOP) control bit must be 
set to place the ADLC in the loop mode. The ADLC now 
monitors its RxData input for a string of seven consecu- 
tive Is which will allow a station to go on line. The 
loop operation may be monitored by use of the Loop 
Status (LOOP) status bit. After power-up and reset, this 
bit is a LOW. Whe n seven co nsecutive Is are received 
by the ADLC, the LOC/DTR output will go to a LOW 
level, disabling gate A (refer to Figure 2), enabling 
gate B and connecting the ADLC TxData output to the 
down-loop stations. The up-loop data is now repeated 
to the down-loop stations via the ADLC. A 1-bit delay is 
inserted in the data (in NRZI mode, there will be a 2-bit 
delay) as it circulates through the ADLC. The ADLC is 
now on-line and the LOOP status bit will be at a HIGH. 



Table 1 Summary of Loop Mode Operation 



State 


Receiver 
(Rx) Section 


Transmitter 
(Tx) Section 


LOOP 
Status Bit 


Off-loop 


Rx section receives data from loop and searches 
for seven 1s (when the LOC/DTR control bit 
set) to go on-loop. 


Inactive 

1. NRZ Mode TxData output is maintained 

HIGH (mark). 

2. NRZI Mode TxData output l-eflects the 

RxData input state delayed by 
one bit-time. (Not normally 
connected to loop.) The NRZI 
data is internally decoded to 
provide error-free transitions to 
on-loop mode. 


L 


On-loop 


1 . When GAP/TST control bit is set, Rx section 
searches for 01111111 pattern (the EOP 

or go-ahead) to become the active terminal 
on the loop. 

2. When the LOC/DTR control bit is reset, Rx 
section searches for eight Is to go off-loop. 


Inactive 

1. NRZ Mode TxData output reflects RxData 

input state delayed one bit-time. 

2. NRZI Mode TxData output reflects RxData 

input state delayed two bit-times. 


H 


Active 


Rx section searches for flag (an interrupt from 
the loop controller) at RxData input. 
Received flag causes FLAG DET output to go 
LOW. IRQ is generated if the RIE and FDSE 
control bits are set. 


TxData originates within ADLC until GAP/TST 
control bit is reset and a flag or abort is 
completed, then returns to on-loop state. 


L 
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Fig. 2 External Loop Logic 

ADLC 




< UP-LOOP Data 



DOWN- LOOP Data 



4. Go Off-loop — The ADLC can drop off the loop (go 
off-line) similar to the way it went on-line. When the 
Loop On-line Gontrol/DTR Control (LOC/DTR) control 
bit is reset, the ADLC receiver secti on looks f or eight 
successive "1s" before allowing the LOC/DTR output to 
return HIGH (the inactive state). Gate A in Figure 2 will 
be enabled and gate B disabled allowing the loop to 
maintain continuity without disturbance. The LOOP 
status bit will show an off-line condition (logic HIGH). 

Pin Functions 



Go Active after Poll — The receiver section will 
monitor the up-link data for a general or addressed 
poll command; the Tx FIFO should be loaded with 
data so that when the go-ahead sequence of a 
followed by seven Is (01111111--) is detected, 
transmission can be initiated immediately. When the 
polling frame is detected, the Go Active On Poll/Test 
(GAP/TST) control bit must be set. A minimum of seven 
bit-times are available to set this control bit after the 
closing flag of the poll. When the go-ahead is detected 
by the Receiver, the ADLC will automatically change the 
seventh 1 to a so that the repeated sequence out 
gate B in Figure 2 is now an opening flag sequence 
(01111110). Transmission now continues from the Tx FIFO 
with data (address, control, etc.) as previously described. 
When the ADLC has gone active-on-poll, the LOOP 
status bit will go to a LOW. The Receiver searches for a 
flag, which indicates that the primary station is interrupt- 
ing the current operation. 

Go Inactive when On-loop — The GAP/TST control 
bit may be reset at any time during transmission. When 
the frame is complete (the closing flag or abort is 
transmitted), the loop is automatically released and the 
station reverts back to being just a 1-bit delay in the 
loop, repeating up-link data. If the GAP/TST control bit 
is not reset by software and the final frame is transmitted 
(F/M Idle control bit = LOW), then the Transmitter will 
mark idle and will not release the loop to up-loop data. 
A transmitter abort command would have to be used in 
this case in order to go inactive when on the loop. Also, 
if the Tx FIFO was not preloaded with data (address, 
control, etc.) prior to changing the go-ahead character 
to a flag, the ADLC will either transmit flags (active idle 
character) until data is loaded (when the F/M Idle 
control bit is HIGH) or will go into an underrun 
condition and transmit an abort (when the F/M Idle 
control bit is LOW). When an abort is transmitted, the 
GAP/TST control bit is reset automatically and the 
ADLC reverts to its repeating mode (TxData = delayed 
RxData). When the ADLC Transmitter lets go of the 
loop, the LOOP status bit will return to a HIGH, indi- 
cating normal on-loop retransmission of up-loop data. 



All inputs of the ADLC are high-impedance and 
TTL-level compatible. All outputs of the ADLC are com- 
patible with standard TTL. Interrupt Request (IRQ), 
however, is an open-drain output (no internal pull-up). 

Interface for MPU 

Bidirectional Data I/O Lines (Dq-Dj) 
These data bus I/O ports allow the data transfer between 
ADLC and system bus. The data bus drivers are 3-state 
devices that remain in the high-impedance (OFF) state 
except when the MPU performs an ADLC Read operation. 

System Control Clock (E) 

E activates the address inputs (OS, RSo and RSi) and 
Read/Write input (R/W) and enables the data transfer on 
the data bus. E also moves data through the Tx FIFO and 
Rx FIFO. E should be a free-running clock, such as the 
F6800 MPU system clock. 

Chip Select (CS) 

An ADLC Read or Write operation is enabled only when the 

CS input is LOW and the E input Is HIGH (E-CS). 

Register Addressing Select (RSo, RS^) 

When the RSo, RSi inputs are enabled by (E-CS),_they 
select internal registers in conjunction with the R/W input 
and Address Control (AC) control bit. Register addressing 
is defined in Table 2. 

Read/Write (R/W) 

The R/W input controls the direction of data flow on the 
data bus when it is enabled by (E-CS). The bidirectional 
Data Bus Interface acts as an output driver when R/W is 
HIGH, and as an input buffer when LOW. It also selects the 
read-only and write-only registers within the ADLC. 




Chi p Master Reset (RESET) 

The RESET input provides a means of resettin g the AD LC 
from a hardware source. In the LOW state, the RESET input 
causes the following: 

1. RxRS and TxRS are set, causing both the receiver and 
transmitter sections to be held in a reset condition. 
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2. Resets the following control bits: ABT, Request-to-Send 
Control (RTS), LOOP, and LOC/DTR. 

3. Clea rs al l stor ed status condition of the status registers. 

4. The RTS and LOC/DTR ouputs go HIGH; TxData goes to 
the mark state (1s are transmitted). 



When RESET returns HIGH (the inactive state), the transmitter 
and receiver sections will remain in the reset state until 
TxRS and RxRS are cleared via the data bus under software 
control. The control regist er bits affected by RESET 
cannot be changed when RESET is LOW. 

Inte rrupt Request Output (IRQ) 

IRQ will be LOW if an interrupt situation exists and the 
appropriate interrupt enable has been set. The interrupt 
remains as long as the cause for the interrupt is present 
and E is set. 

Clock and Data of Transmitter and Receiver 

Transmitter Data Timing Clock (TxC) 
The Transmitter shifts data on the negative transition of the 
TxC input. When the loop mode or test mode is selected, 
TxC should be the same frequency and phase as the RxC 
input. The data rate of the Transmitter should not exceed 
the E frequency. 



frame and there is no further dat a in the Tx FIFO for a new 
frame. The positive transition of RTS occurs after the 
completion of a flag, an abort, or when the R TS con trol bit 
is reset duri ng a mark idling state. When the RESET input 
is LOW, the RTS output goes HIGH. 

Clear-to-Send (CfS) 

The CTS input provides a real-time inhibit to the TDRA/FC 
status bit an d its associated interrupt. The positive transi- 
tion of CTS is stored within the ADLC to insure its occur- 
rence will be acknowledged by the system. The stored CTS 
information and its associated IRQ status bit (if enabled) 
are cleared by writing a HIGH in the Clear Transmitter 
Status (CLR TxST) or the TxRS status bit. 

Data Carr ier Detect (DCD) 

The DCD input provides a re al-tim e inhibit to the receiver 
section. A HIGH level on the DCD input resets and inhibits 
the receiver register, but data in the Rx FIFO from a 
previ ous frame is not disturbed. The positive transition of 
DCD is stored within the ADLC to insure that its occur- 
rence will be acknowledged by the system. The stored DCD 
information and its associated IRQ status bit (if enabled) 
are cleared by means of the Clear Receiver Status 
(CLR RxST) or by the RxRS control bit. 



Receiver Data Timing Clock (RxC) 

The Receiver samples the data on the positive transition of 

the TxC input. RxC should be synchronized with RxData 

externally. 

Transmitter Serial Data ( TxData) 

The serial data from the Transmitter is coded in NRZ or 

NRZI (zero complement) data format. 

Receiver Serial Data (RxData) 

The serial data to be received by the ADLC can be coded 
in NRZ or NRZI (zero complement) data format. The data 
rate of the Receiver should not exceed the E frequency. If a 
partial byte reception is possible at the end of a frame, the 
maximum data rate of the Receiver is indicated by the 
following relationship: 



Loo p On-line C ontrol/ Data Termi nal R eady (LOC/DTR) 
The LOC/DTR outp ut ser ves as a DTR output in the non- 
loo p mo d e or as an LOC output in the l oop mode. When 
the LOC/DTR output performs the DTR function, it is 
turned on and off by means of the LOC/DTR control bit. 

When the LOC/DTR control bit is HIGH, the DTR output 
will be LOW. In the loop mode the LOC/DTR output pro- 
vides the means of controlling the external loop interface 
hardware to go on-line or off-line. When the LOC/DTR 
control bit is set and the loop has i dled f or se ven bit-times 
or more (RxData = 01111111...), the LOC/DTR output will go 
LOW (on-line). When the LOC/DTR control bit is LOW and 
the loop has idled for eight bit-times or more, t he LOC/DTR 
output will return HI GH (off-li ne). The RESET input being 
LOW will cause the LOC/DTR output to be HIGH. 



fRxC < -, 



1 



2tE + 300 ns 
where te is the period of E. 

Peripheral/Modem Control 

Request-to-Send (RTS) 

The Request-to-Send output is controlled by the RTS 
control bit in conjunction with the state of the transmitter 
section. When the RTS control bit goes HIGH, the RTS 
output is f orce d LOW. When the RTS control bit returns 
LOW, the RTS output remains LOW until the end of the 



Flag Detect (FL AG DET) 

The FLAG DET output indicates the reception of a flag and 
initiates an ext ernal t i me-o ut counter for the loop mode 
operation. The FLAG DET output goes LOW for one bit- 
time beginning at the last bit of the flag character, as 
sampled by RxC. 

DMA Interface 

Receiver Data Service Request (RDSR) 

The RDSR output is provided primarily for use in DMA 

mode operation and indicates (when HIGH) that the 

Rx FIFO requests service (RSDR output reflects the RDA 
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status bit). If the prioritized status mode is selected, RDSR 
will be inhibited when any other receiver status conditions 
are present. RDSR goes LOW when the Rx FIFO is read. 

Transmitter Data Service Request ( TDSR) 
The TDSR output is provided for DMA mode operation and 
indicates (when HIGH) that the Tx FIFO requests service. 
TDSR goes LOW when the Tx FIFO is load ed. TDS R is 
inhibited by t he TxRS control bit being set, RESET being 
LOW, or CTS being HIGH. If the prioritized status mode 
is used, the TxU status bit also inhibits TDSR. TDSR 
reflects the TDRA/FC status bit' except in the frame- 
complete mode. 

ADLC Registers 

Eight registers in the ADLC can be accessed via D0-D7 and 
RSo, RSi. The registers are defined as read-only or write- 
only according to the direction of information flow. The 
addresses of these registers are defined in Table 2. The 
Tx FIFO can be accessed by two different addresses, the 
frame-terminate address and the frame-continue address. 

Table 2 Register Addressing 



Register Selected 


R/W 


RSi 


RSo 


Address 

Control Bit 

(ClbO) 


Control Register 1 


L 


L 


L 


X 


Control Register 2 


L 


L 


H 


L 


Control Register 3 


L 


L 


H 


H 


Transmitter Data 
FIFO Register 
(Frame Continue) 


L 


H 


L 


X 


Transmitter Data 
FIFO Register 
(Frame Terminate) 


L 


H 


H 


L 


Control Register 4 


L 


H 


H 


H 


Status Register 1 


H 


L 


L 


X 


Status Register 2 


H 


L 


H 


X 


Receiver Data FIFO 
Register 


H 


H 


X 


X 



The RDA status bit indicates the state of the Rx FIFO. 
When RDA status bit is HIGH, the Rx FIFO is ready to be 
read. The RDA status is controlled by the 2/1 -Byte control 
bit. When overrun occurs, the data in the first byte of the 
Rx FIFO are no longer valid. 



H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 



Both the RxRS control and RESET input clear the 
Rx FIFO. Abort (in frame) and a HIGH level of DCD 
input also clear the Rx FIFO, but the last bytes of the 
previous frame, which are separated by the frame boundary 
pointer, are not disturbed. 

Transmitter Data First- In First- Out Register (Tx FIFO) 

The Tx FIFO consists of three 8-bit registers which are 
used for buffer storage of data to be transmitted. Data is 
always transferred from a full register to an empty 
adjacent register; the transfer occurs on both phases of 
the E input clock. The Tx FIFO can be addressed by 
two different register addresses, the frame-continue 
address and the frame-terminate address. Each register 
has pointer bits which point to the frame boundary. When 
a data byte is written at the frame-continue address, the 
pointer of the first FIFO register is set. When a data byte 
is written at the frame-terminate address, the pointer of 
the first FIFO register is reset. The RxRS or ABT control bit 
resets all pointers. The pointer will shift through the 
Tx FIFO. When a positive transition is detected at the third 
FIFO register, the Transmitter initiates a frame with an open 
flag. When the negative transition is detected at the third 
FIFO register, the Transmitter closes a frame, appending 
the FCS and closing flag to the last byte. 

The Tx Last control bit can be used instead of using the 
frame-terminate address. When the Tx Last control bit is 
set with a HIGH, the logic searches the last byte location in 
the Tx FIFO and resets the pointer. 

The status of Tx FIFO is indicated by the TDRA/FC status 
bit. When TDRA/FC is HIGH, the Tx FIFO is available for 
loading data. The TDRA/FC status is controlled by the 
2/1- Byte co ntrol bit. The Tx FIFO is reset by both TxRS and 
the RESET input. During this reset condition or when CTS 
input is HIGH, the TDRA/FC status bit is suppressed and 
data loading is inhibited. 



Receiver Data First-ln First-Out Register (Rx FIFO) 

The Rx FIFO consists of three 8-bit registers which 
are used for the buffer storage of received data. Data 
bytes are always transferred from a full register to an 
adjacent empty register; both phases of the E input 
clock are used for the data transfer. Each register has 
pointer bits which point the frame boundary. When these 
pointers appear at the last Rx FIFO location, they update 
the AP, FV or ERR status bits. 
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ADLC Internal Register Structure 












Bit No. 


RSi,RSo = LL 


RSi,RSo = LH 


RSi,RSo = HL 


RSi,RSo = HH 




Status Register 1 


Status Register 2 


Receiver Data 
FIFO Register 


Unused 







Receive Data 
Available (RDA) 


Address Present (AP) 


BitO 






12 


1 


Status Register 2 
Read Request (S2RQ) 


Frame Valid (FV) 


Bit 1 






w 


2 


Loop Status (LOOP) 


Inactive Idle Received (Rxidle) 


Bit 2 






oc 


3 


Flag Detected (FD) 


Abort Received (Rx ABT) 


Bit 3 


Same as RSi, RSo = 


HL 


c 

o 


4 


Clear-to-Send (GTS) 


Frame Check Sequence/Invalid Frame 
Error (ERR) 


Bit 4 






oc 


5 


Transmitter 
Underrun (TxU) 


Data Carrier Detect (DCD) 


Bits 








6 


Transmitter Data 
Register Available/ 
Frame Complete 
(TDRA/FC) 


Receiver Overrun (OVRN) 


Bite 








7 


Interrupt Request 
(IRQ) 


Received Data Available (RDA) 


Bit 7 













Transmitter Data 
FIFO Register 






Bit No. 


Control Register 1 


Control Register 2 
(C1bO = L) 


Control Register 3 
(C1bO = H) 


Frame 
Continue 


Frame 
Terminate 
(C1bO = L) 


Control Register 4 
(C1bO = H) 







Address Control 
(AC) 


Prioritized Status 
Enable (PSE) 


Logic Control 
Field Select (LCF) 


BitO 


BitO 


Double Flag/Single 
Flag Interframe 
Control ("FF'V'F") 




1 


Receiver Interrupt 
Enable (RIE) 


2-Byte/1-Byte 
Transfer (2/1-Byte) 


Extended Control 
Field Select (Cex) 


Bit 1 


Bit1 


Transmitter 1 Word 
Length Select (TxWLSi) 


1 


2 


Transmitter Interrupt 
Enable (TIE) 


Flag/Mark Idle 
Select (F/M Idle) 


Auto/Address 
Extend Mode (Aex) 


Bit 2 


Bit 2 


Transmitter 2 Word 
Length Select (TxWLS2) 


flC 

5 


3 


Receiver Data 
Service Request 
Mode (RDSR Mode) 


Frame Complete/ 
TDRA Select 
(FC/TDRA Select) 


01/11 Idle (01/11 Idle) 


Bit 3 


Bit 3 


Receiver 1 Word 
Length Select 
(RxWLSi) 


o 

k 


4 


Transmitter Data 
Service Request 
Mode (TDSR Mode) 


Transmit Last Data 
(Tx Last) 


Flag Detect 

Status Enable (FDSE) 


Bit 4 


Bit 4 


Receiver 2 Word 
Length Select 
(RXWLS2) 




5 


Rx Frame 

Discontinue 

(DISCONTINUE) 


Clear Receiver 
Status (CLR RxST) 


Loop/Non-Loop Mode 
(LOOP) 


Bits 


Bits 


Transmit Abort (ABT) 




6 


Receiver Reset 
(RxRS) 


Clear Transmitter 
Status (CLR TxST) 


Go Active on Poll/Test 
(QAP/TST) 


Bite 


Bite 


Abort Extend (ABTex) 




7 


Transmitter Reset 
(TxRS) 


Request-to- Send 
Control (RTS) 


Loop On-Line 
Control/DTR Control 
(LOC/DTR) 


Bit 7 


Bit 7 


NRZI (Zero Conlple- 
ment)/NRZ Select 
(NRZI/NRZ) 
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Control Register 1 (CR1) 



RSi RSo R/W AC 
L L L X 



7 


6 


5 


4 


3 


2 


1 





TxRS 


RxRS 


DISCONTINUE 


TDSR 
Mode 


RDSR 
Mode 


TIE 


RIE 


AC 



bO Address Control (AC) — AC provides another 
register select signal internally. The AC bit is used 
in conjunction with the RSo, RSi and R/W inputs to 
select particular registers, as shown in Table 2. 

b1 Receiver Interrupt Enable (RIE) — RIE enables/ 

disables the interrupt request caused by the receiver 
section (HIGH = enable, LOW = disable). 

b2 Transmitter Interrupt Enable (TIE) — TIE 

enables/disables the interrupt request caused by the 
Transmitter (HIGH = enable, LOW = disable). 

b3 Receiver Data Service Request Mode (RDSR Mode) 
RDSR Mode provides the capability of operation with 
a bus system in the DMA mode when used in con- 
junction with the prioritized status mode. When RDSR 
Mode is set, an interrupt request caused by the RDA 
status bit is inhibite d, an d the ADLC does not request 
data transfer via the IRQ output. 



a HIGH into RxRS from the data bus. RxRS will be 
reset by writing a LOW from the data bus after 
RESET has gone HIGH. 

b7 Transmitter Reset (TxRS) — When TxRS is HIGH, 
the transmitter section stays in the reset condition 
and transmits marks (1s). All transmitter sections, 
including the Tx FIFO and the transmitter status bits, 
are reset (Tx FIFO cannot be loaded). During reset, 
the stored CTS status is reset but the CTS status bit 
follows the CTS inp ut. TxRS is set by forcing a LOW 
level on the RESET input or by writing a HIGH from 
the data bus. It will be reset by writing a LOW after 
RESET has gone HIGH. 



b4 Transmitter Data Service Request Mode (TDSR 
Mode) — TDSR Mode provides the capability of 
operation with a bus system in the DMA mode when 
used in conjunction with the prioritized status mode. 
When TDSR Mode is set, an interrupt request caused 
by the TDRA/FC status bit is inhibited, and_the ADLC 
does not request a data transfer via the IRQ output. 

b5 Rx Frame Discontinue (DISCONTINUE) — When 
DISCONTINUE is set, the currently received frame is 
ignored and the ADLC discards the data of the 
current frame. DISCONTINUE is automatically reset 
when the last byte of the frame is discarded or when 
the ig nored frame is aborted by receiving an abort or 
DCD failure. 

b6 Receiver Reset (RxRS) — When RxRS is HIGH, 
the receiver section stays in the reset condition. All 
receiver sections, including the Rx FIFO and the 
receiver status bits in both status registers, are reset. 
(During reset, the stored D CD s tatus is reset but the 
DCD status bit follows the DCD inp ut.) RxRS is set by 
forcing a LOW level on the RESET input or by writing 



5-249 



F6854/F68A54/F68B54 



Control Register 2 (CR2) 



RSi RSo R/W AC 

L H L L 

(C1bO = L) 



7 


6 


5 


4 


3 


2 


1 





RTS 


CLR 
TxST 


CLR 
RxST 


Tx 
Last 


FC/TDRA 
Select 


F/M 
Idle 


2/1 
Byte 


PSE 



bO Prioritized Status Enable (PSE) — When PSE 
is set, the status bits in both status registers are 
prioritized as defined in the Status Register section. 
When PSE is LOW, the status bits indicate current 
status without bit suppression by other status bits. 
The exception to this rule is the CTS status bit which 
always suppresses the TDRA/FC status bit. 

b1 2-Byte/1 -Byte Transfer (2/1-Byte) — When 2/1-Byte is 
reset, the TDRA/FC and RDA status bits then will 
indicate the availability of their respective data FIFO 
registers for a single-byte data transfer. Similarly, if 
2/1-Byte is set, the TDRA/FC and RDA status bits 
indicate when two bytes of data can be moved with- 
out a second status read. 

b2 Flag/Mark Idle Select (F/M Idle) — F/M Idle Select 
selects flag characters or bit-by-bit mark idle for the 
time fill or the idle state of the Transmitter. When 
mark idle is selected, go-ahead code can be gener- 
ated for loop operation in conjunction with the 
01/11 Idle control bit (HIGH = flag time fill, 
LOW = mark idle). 

b3 Frame Complete/TDRA Select (FC/TDRA Select) — 
FC/TDRA Select selects TDRA status or FC status for 
the TDRA/FC status bit indication (HIGH = FC status, 
LOW = TDRA status). 

b4 Transmit Last Data (Tx Last) — Tx Last provides 
another method to terminate a frame. When the 
Tx Last is set just after loading a data byte, the ADLC 
assumes the byte is the last byte and terminates the 
frame by appending Cyclic Redundancy Check 
Character (CROC) and a closing flag. This control bit 
is useful for DMA operation. Tx Last automatically 
returns to the LOW state. 



b6 Clear Transmitter Status (CLR TxST) — When a 
HIGH is written into CLR TxST, a reset signal is 
generated for the transmitter status bits in Status 
Register 1 (except TDRA/FC). The reset signal is 
enabled for the bits which have been present during 
the last read status operation. CLR TxST automati- 
cally returns to the LOW state. 

b7 Request-to-Send Control (RTS) — RTS, when 

HIGH, causes the RTS output to be LOW (the active 
state). When the RTS bit re turns LOW and data is 
being transmitted, the RTS output remains LOW until 
the last character of the frame (the closing flag or 
abort) has been completed and the Tx FIFO is empty. 
If the Tra nsmi tter is idling when the RTS bit returns 
LOW, the RTS ouput will go HIGH (the inactive state) 
within two bit-times. 



b5 Clear Receiver Status (CLR RxST) — When a HIGH 
is written into CLR RxST, a reset signal is generated 
for the receiver status bits in Status Registers 1 and 2 
(except AP and RDA bits). The reset signal is enabled 
only for the bits which have been present during the 
last read status operation. CLR RxST automatically 
returns to the LOW state. 
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Control Register 3 (CR3) 



RSi 


RSo R/W 


AC 


L 


H L 
{C1bO = H) 


H 



7 


6 


5 


4 


3 


2 


1 





LOC/DTR 


GAP/TST 


LOOP 


FDSE 


01/11 
Idle 


A EX 


Cex 


LCF 



bO Logic Control Field Select (LCF) — LCF causes the 
first byte{s) of data belonging to the Information field 
to remain 8-bit characters until the logic control field 
is complete. The logic control field (when selected) is 
an automatically extendable field which is extended 
when bit 7 of a logic control character is HIGH. 
When LCF is reset, the ADLC assumes no logic con- 
trol field is present for either the transmitted or 
received data channels. When the logic control field is 
terminated, the word length of the information data is 
then defined by Rx or Tx WLSi and WLS2. 

b1 Extended Control Field Select (Cex) — When the Cex 
bit is HIGH, the control field is extended and 
assumed to be 16 bits. When Cex is LOW, the control 
field is assumed to be eight bits. 

b2 Auto/address Extend Mode (Aex) — Aex, when LOW, 
allows a full eight bits of the address octet to be utilized 
for addressing, because address extension is inhibited. 
When Aex is HIGH, bit of address octet equal to 
causes the address field to be extended by one octet. 
The exception to this automatic address field exten- 
sion is when the first address octet is all Os (the null 
address). 

b3 01/11 Idle (01/11 Idle) — The 01/11 Idle control bit 
determines whether the inactive (mark) idle condition 
begins with a or not If 01/11 Idle is set, the 
closing flag (or abort) will be followed by a 
011111 .. . pattern. This is required of the controller 
for the go-ahead character in the loop mode. When 
01/11 Idle is reset, the idling condition will be all Is. 

b4 Flag Detect Status Enable (FDSE) — FDSE enables 
the Flag Detected (FD) status bit in Status Register 1 
to indicate the occurrence of a received flag character. 
The status indication will be accompanied by an 
interrupt if the RIE contro l bit is set. Flag detection 
will cause the FLAG DET output to go LOW for one 
bit-time regardless of the state of FDSE. 



control bit, LOC/DTR control bit and LOC/DTR out- 
put are selected to perform the loop control functions. 
When LOOP is reset, the ADLC operates in the point- 
to-point data communications mode. 

b6 Go Active on Poll/Test (GAP/TST) — In the loop 
mode GAP/TST is used to respond to the poll 
sequence and to begin transmission. When GAP/TST 
is set, the Receiver searches for the go-ahead (or end- 
of-poll, EOP). The Receiver go-ahead is converted to 
an opening flag and the ADLC starts its own trans- 
mission. When GAP/TST is reset during the 
transmission, the end of the frame (the completion of 
flag or abort) causes the termination of the go- 
active-on-poll operation and the RxData to TxData 
link is reestablished. The ADLC then returns to the 
loop-on-line state. 

In the non-loop mode GAP/TST is used for self-test 
purposes. If GAP/TST is set, the TxData output is 
connected to the RxData input internally, and 
provides a loop-back feature. For normal operation, 
the GAP/TST bit should be reset. 

b7 Loop On-line Control/DTR Control (LOC/DTR) — 
In the loop mode LOC/DTR is used to go on-line or 
to go off-line. When LOC/DTR is set, the ADLC goes 
to the on-line state after seven consecutive Is occur 
at the RxData input. When LOC/DTR is reset, the 
ADLC goes to the off-line state after eight consecu- 
tive Is occur at the RxData input. 

In t he non-loo p mode the LOC/DT R bit directly controls 
the LOC/DTR output stat e (HIGH = DTR output goes 
to LOW level, LOW = DTR output goes to HIGH level). 



b5 Loop/Non-Loop Mode (LOOP) — When LOOP is set, 
loop mode operation is selected and the GAP/TST 
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Control Register 4 (CR4) 



RSi RSo R/W AC 

H H L H 

(C1bO = H) 



7 


6 


5 


4 


3 


2 


1 





NRZI/NRZ 


ABTex 


ABT 


RxWLS2 RxWLSi 


TxWLS2TxWLSi 


"FF'V'F" 



bO Double Flag/Single Flag Interframe Control ("FF7 
"F") — "FF'V'F" determines whether the Transmitter 
will transmit separate closing and opening flags when 
frames are transmitted successively. When the 
"FF'V'F" control bit is LOW, the closing flag of the 
first frame will serve as the opening flag of the 
second frame; when HIGH, independent opening and 
closing flags will be transmitted. 

b1, Transmitter Word Length Select (TxWLSi, txWLS2)- 
b2 TxWLSr and TxWLS2 are used to select the word 

length of the Transmitter information field. The 

encoding format is shown in Table 3. 

b3, Receiver Word Length Select (RxWLSi, RXWSL21 — 
b4 RxWLSi and RXWLS2 are used to select the word 

length of the Receiver information field. The encoding 

format is shown in Table 3. 

b5 Transmit Abort (ABT)— ABT causes an abort (at 

least eight bits of 1 in succession) to be transmitted. 
The abort is initiated and the Tx FIFO is cleared when 
ABT goes HIGH. Once abort begins, the ABT bit 
assumes the LOW state. 

b6 Abort Extended (ABTex) — If ABTex is set, the abort 
code initiated by ABT is extended at least 16 
bits of consecutive 1s, the mark idle state. 

b7 NRZI (Zero Complement)/NRZ Select (NRZI/NRZ) 
NRZI/NRZ selects the transmit/receive data format 
to be NRZI or NRZ in both loop mode or non-loop 
mode operation. When the NRZI mode is selected, 
a 1-bit delay is added to the transmitted data 
(TxData) to allow for NRZI encoding (HIGH = NRZI, 
LOW = NRZ). 

Note 

NRZI coding — The serial data remains in the same state to 
send a binary 1 and switches to the opposite state to send a 
binary 0. 



Table 3 l-Field Character Length Select 



WLSi 


WLS2 


l-Field Character Length 


L 


L 


5 bits 


H 


L 


6 bits 


L 


H 


7 bits 


H 


H 


8 bits 



Status Registers 

Status Register 1 is the main status register. The IRQ 
bit indicates whether the ADLC requests service or not. 
The S2RQ bit indicates whether any bits in Status Register 2 
request service. TDRA/FC and RDA, because they are 
most often used, are located in bit positions that are more 
convenient to test. RDA reflects the state of the RDA bit in 
Status Register 2. 

Status Register 2 provides the detailed status information 
contained in the S2RQ bit, and these bits reflect 
receiver status. 

The prioritized status mode provides maximum efficiency 
in searching the status bits and indicates only the most 
important action required to service the ADLC. The priority 
trees of both status registers are provided in Figure 3. 

Reading the status register is a non-destructive process. 
The method of clearing status depends upon the bit 
function and is discussed for each bit in the register. 

Fig. 3 Status Register Priority Tree (PSE = 1) 

sm 

(Tx) (Rx) SR2 (Rx) 



Decreasing 

Priority ^- GTS 



TDRA/FC RDA 



ERR, FV, DCD, 
OVRN, Rx ABT 



* Prioritized even when PSE = 

Note 

Status bit above will inhibit one below it. 
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status Register 1 (SR1) 



RSi RSo R/W AC 
L L H X 



7 


6 


5 


4 


3 


2 


1 





IRQ 


TDRA/FC 


TXU 


CTS 


FD 


LOOP 


S2RQ 


RDA 



bO Receiver Data Available (RDA) — The RDA status bit 
reflects the state of the RDA status bit in status 
Register 2. It provides the means of achieving data 
transfers of received data in the full-duplex mode 
without having to read both status registers. 

b1 Status Register 2 Read Request (S2RQ) — All the 
status bits (stored conditions) of Status Register 2 
(except RDA) are logically ORed and indicated by 
the S2RQ status bit. Therefore S2RQ indicates when 
Status Register 2 needs to be read. When S2RQ is 
LOW, it is not necessary to read Status Register 2. 
The bit is cleared when the appropriate bits in Status 
Register 2 are cleared or when RxRS is used. 

b2 Loop Status (LOOP) — The LOOP status bit is used 
to monitor the loop operation of the ADLC. This bit 
does not cause an IRQ. When non-loop mode is 
selected, LOOP stays LOW; when loop mode is 
selected, the LOOP goes to HIGH during on-loop 
condition. When ADLC is in an off-loop condition or 
go-active-on-poll condition, the LOOP status bit 
is LOW. 

b3 Flag Detected (FD) — The FD status bit indicates that 
a flag has been received if the Flag Detect Status 
Enable control bit has been set. FD goes HIGH at 
the la s t bit of the flag character received (when the 
FLAG DET output goes LOW) and is stored until 
cleared by clear RxST or RxRs. 



b6 Transmitter Data Register Available/Frame Complete 
(TDRA/FC) — The TDRA/FC status bit serves two 
purposes, depending upon the state of the 
FC/TDRA Select control bit. When TDRA/FC serves 
as a TDRA status bit, it indicates that data (to be 
transmitted) can be loaded into the Tx FIFO. The first 
register (Register 1) of the Tx FIFO being empty 
(TDRA = HIGH) will be indicated by the TDRA/FC 
status bit in the 1-byte transfer mode. The first two 
registers (Registers 1 and 2) must be empty for TDRA 
to be HIGH when in the 2-byte tra nsfe r mode. 
TDRA/FC is inhibited by TxRS or CTS being HIGH. 

When the frame-complete mode of operation is 
selected, the TDRA/FC status bit goes HIGH when 
an abort is transmitted or when a flag is transmitted 
with no data in the Tx FIFO. The bit remains HIGH 
until cleared by resetting the FC/TDRA Select or 
setting the TxRS control bit. 

b7 Interrupt Request (IRQ) — The Interrupt Request 
status bit in dicat es when the IRQ output is in the 
active state (IRQ output = LOW). The IRQ status bit is 
subject to the same interrupt enables (RIE, TIE) as 
the IRQ output. The IRQ status bit simplifies status 
inquiries for polling systems by providing single-bit 
indication of service requests. 




b4 Clear-To-Send (CTS) — The CTS input positive 
transition is stored in Status Register 1 and causes 
an IRQ (if enabled). The stored CTS condition and its 
IRQ are cleared by CLR TxST or TxRS control bit. 
After the stored status i s res et, the CTS status bit 
reflects the state of the CTS input. 

b5 Transmitter Underrun (TxU) — When the transmitter 
runs out of data during a frame transmission, an 
underrun occurs and the frame is automatically 
terminated by transmitting an abort. The underrun 
condition is indicated by the TxU status bit. TxU can 
be cleared by means of the CLK TxST control bit or 
by TxRS. 
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status Register 2 (SR2) 



RSi 
L 



RSo R/W AC 
H L X 
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RDA 


OVRN 


DCD 


ERR 


RxABT 


Rx Idle 


FV 


AP 



bO Address Present (AP) — The AP status bit provides 
the frame boundary and indicates an address octet is 
available in the Rx FIFO. In the extended addressing 
mode, the AP bit continues to indicate addresses until 
the address field is complete. The AP status bit is 
cleared by reading data or by RxRS. 

b1 Frame Valid (FV) — The FV status bit provides the 
frame boundary indication to the MPU and also 
indicates that a frame is complete with no error. The 
FV status bit is set when the last data byte of a frame 
is transferred into the last location of the Rx FIFO 
(available to be read by MPU). Once FV status is 
set, the ADLC stops further data transfer into the last 
location of the Rx FIFO (in order to prevent the 
mixing of two frames) until the status bit is cleared by 
the GLR RxST or RxRS control bit. 

b2 Inactive Idle Received (Rx Idle) — The Rx Idle status 
bit indicates that a minimum of 15 consecutive 1s 
have been received. The event is stored within the 
status register and can cause an interrupt. The 
interrupt and stored condition are cleared by the 
CLR RxST control bit. Rx Idle is the logical OR of the 
receiver idling detector (which continues to reflect 
idling until a LOW is received) and the stored inactive 
idle condition. 

b3 Abort Received (RxABT) — The RxABT status bit 
indicates that seven or more consecutive Is have 
been received. Abort has no meaning under 
out-of-frame conditions; therefore, no interrupt or 
storing of the status will occur unless a flag has been 
detected prior to the abort. An abort received when 
in-fr ame is stored in the status register and causes an 
IRQ. The RxABT is the logical OR of the stored 
conditions and the receiver abort detect logic, which 
is cleared after 15 consecutive Is have occurred. 
The stored abort condition is cleared by the 
CLR RxST or RxRS control bit. 



status bit. Other functions, frame boundary indication 
and control function, are exactly the same as for 
the Frame Valid status bit. Refer to the FV status bit. 

b5 Dat a Car rier Detect (DCD) — A positive transition on 
the DCD input is stored in the status register and 
causes an IRQ (if enabled). The stored DCD 
condition and its IRQ are cleared by the CLR RxST 
control bit or RxRS. After stored status is re set, the 
DCD status bit follows the state of the DCD i nput. 
Both the stored DCD condition and the DCD input 
cause the reset of the receiver section when they 
are HIGH. 

b6 Receiver Overrun (OVRN) — The OVRN status bit 
indicates that receiver data has been transferred into 
the Rx FIFO when it is full, resulting in data loss. The 
OVRN status bit is cleared by the CLR RxST or RxRS 
control bit. Continued overrunning only destroys data 
in the first FIFO register. 

b7 Receiver Data Available (RDA) — The Receiver 
Data Available status bit indicates when receiver 
data can be read from the Rx FIFO. When the 
prioritized status mode is used, the RDA bit indicates 
that non-address and non-last data are available in 
the Rx FIFO. The receiver data being present in 
the last register of the FIFO causes RDA to be HIGH 
for the 1-byte transfer mode. The RDA bit being HIGH 
indicates that the last two registers are full when 
in the 2-byte transfer mode. The RDA status bit is 
reset automatically when data is not available. 



b4 Frame Check Sequence/Invalid Frame Error (ERR) 
When a frame is complete with a cyclic redundancy 
check (CRC) error or a short frame error (the frame 
does not have complete address and control fields), 
the ERR status bit is set instead of the Frame Valid 
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Frame Format 



8 BITS 
PER BYTE 



8 BITS 
PER BYTE 



8 BITS VARIABLE 

PER BYTE (5-8) 



(OPENING) 
FLAG 



ADDRESS* 
FIELD 



CONTROL* 
FIELD 



LOGICAL CONTROL 
SUB-FIELD (OPTION) 



FRAME CHECK 
SEQUENCE FIELD 



(CLOSING) 
FLAG 



'EXTENDABLE (OPTIONAL) 



•< p- INFORMATION FIELD Ji 



The ADLC transmits and receives data (information 
or control) in a format called a frame. All frames start with 
an opening flag (F) and end with a closing flag (F). 
Between the opening flag and closing flag, a frame 
contains an address field, control field, information field, 
and frame check sequence field. 

Flag (F) 

The flag is the unique binary pattern 01111110. It provides 
the frame boundary and a reference for the position of each 
field of the frame. 

The ADLC Transmitter generates a flag pattern internally 
and the opening flag and closing flags are appended 
to a frame automatically. Two successive frames can share 
one flag for a closing flag of the first frame and for the 
opening flag of the next frame, if the "FF/F" control bit in 
Control Register 4 is reset. 

The Receiver searches for a flag on a bit-by-bit basis and 
recognizes a flag at any time. The Receiver establishes the 
frame synchronization with every flag. The flags mark the 
frame boundary and reference for each field but they are 
not transferred t o the Rx FIF O. The detection of a flag is 
indicated by the FLAG DET output and by the FD Status 
bit. 

Order of Bit Transmission 

Address, control and information field bytes are transferred 
between the MRU and the ADLC in parallel by means of the 
data bus. The bit on Do (data bus bit 0, pin 22) is serially 
transmitted first, and the first serially received bit is 
transferred to the MRU on Do- The FCS field is transmitted 
and received MSB first. 

Address (A) Field 

The eight bits following the opening flag are the address 
(A) field. The A-field can be extendable if the auto-address 
extend mode is selected in Control Register 3. In the 
address extend mode, the first bit (bit 0) in every address 



octet becomes the Cex control bit. When the bit is LOW, 
the ADLC assumes another address octet will follow; 
when the bit is HIGH, the address extension is terminated. 
A "null" address (all LOW) does not extend. In the 
Receiver, the AP status bit distinguishes the address field 
from other fields. When an address byte is available to be 
read in the Rx FIFO, the AP status bit is set and causes an 
interrupt (if enabled). The AP status bit is set for every 
addresss octet when the address extend mode is used. 

Control (C) Field 

The eight bits following the address field are the control 
(link control) field. When the Cex control bit in Control 
Register 3 is selected, the C-field is extended to 16 bits. 

Information (I) Field 

The l-field follows the C-field and precedes the FCS field. 
The l-field contains data to be transferred but is not 
always necessarily contained in every frame. The word 
length of the l-field can be selected from five to eight bits 
per byte by control bits in Control Register 4. The l-field 
will continue until it is terminated by the FCS and closing 
flag. The Receiver has the capability to handle a partial 
last byte. The last information byte can be any word length 
between one and eight bits. If the last byte in the l-field 
is less than the selected word length, the Receiver will 
right justify the received bits, fill the remaining bits of the 
receiver shift register with zeros, and transfer a full byte 
to the Rx FIFO. Regardless of selected byte length, the 
ADLC will transfer eight bits of data to the data bus. 
Unused bits for word lengths of five, six, and seven will 
be zeroed. 

Logic Control (LC) Field 

When the LCF control bit in Control Register 3 is selected, 
the ADLC separates the l-field into two sub-fields. The first 
sub-field is the logic control field and the following sub- 
field is the data portion of the l-field. The logic control field 
is eight bits and follows the C-field, which is extendable by 
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octets, if it is selected. The last bit (bit 7) is the Cex bit, and 
if it is HIGH, the LC-field is extended one octet. 

Note 

Hereafter, the term information field, or l-field, is used as the data portion 
of the information field and excludes the logic control field. This is done 
in order to keep the consistency of the meaning of information field as 
specified in SDLC, HDLC, and ADCCP standards. 



Frame Check Sequence (FCS) Field 

The 16 bits preceding the closing flag are the FCS field. The 
FCS is the cyclic redundancy check character (CRCC). The 
polynomial xie + xi2 + x5 + 1 is used both for the 
Transmitter and Receiver. Both the transmitter and receiver 
polynomial registers are initialized to all 1s prior to 
calculation of the FCS. The Transmitter calculates the FCS 
on all bits of the address, control, logic control (if selected), 
and information fields, and transmits the complement of the 
resulting remainder as FCS. The Receiver performs a 
similar computation on all bits of the address, control, logic 
control (if selected), information, and received FCS fields 
and compares the result to FOBS (hexadecimal). When the 
result matches FOB8, the FV status bit is set in 
Status Register 2. If the result does not match, the ERR 
status bit is set. The FCS generation, transmission, and 
checking are performed automatically by the ADLC 
Transmitter and Receiver. The FCS field is not transferred 
to the Rx FIFO. 

Invalid Frame 

Any valid frames should have at least the A-field, C-field 
and FCS field between the opening flag and the closing 
flag. When invalid frames are received, the ADLC handles 
them as follows: 

1. A short frame which has less than 25 between 
flags— The ADLC ignores the short frame and its 
reception is not reported to the MRU. 

2. A frame less than 32 bits between the flags, or a 
frame 32 bits or more with an extended A-field or 
C-field that is not completed is transferred into the 
Rx FIFO. The ERR status bit Indicates the reception 
of the invalid frame at the end of the frame. 

3. Aborted frame— The frame which is aborted by 
receiving an abort or DCD failure is also an invalid 
frame. Refer to ABT and DCD status bits. 

Zero Insertion and Zero Deletion 

The zero insertion and deletion that allows the content of 
the frame to be transparent is performed by the ADLC 
automatically. A binary is inserted by the Transmitter after 
any succession of five Is within a frame (A, C, LC, I, and 
FCS field). The Receiver deletes a binary that follows 
five successive Is within a frame. 



Abort 

The function of prematurely terminating a data link is called 
abort. The Transmitter aborts a frame by sending at least 
eight consecutive Is immediately after the ABT control bit 
in Control Register 4 is set to HIGH. (Tx FIFO is also 
cleared by the ABT control bit at the same time.) The abort 
can be extended to at least 16 consecutive Is, if the 
ABTex control bit in the Control Register 4 is set when an 
abort is sent. This feature is useful to force mark idle 
transmission. Reception of seven or more consecutive Is 
is interpreted as an abort by the Receiver. The Receiver 
responds to a received abort as follows: 

1. An abort in an out-of-frame condition— An abort 
during the idle or time fill has no meaning. The abort 
reception is indicated in the Status Register as long 
as the abort condition continues, but neither an 
interrupt nor a stored condition occurs. The abort 
indication disappears after 15 or more consecutive 
Is are received (Rx Idle status bit is set). 

2. An abort in frame, when less than 26 bits have been 
received after an opening flag, has not transferred any 
field to the MRU. The ADLC clears the aborted frame 
data in the Rx FIFO and clears flag synchronization. 
Neither an interrupt nor a stored status occurs. The 
status indication is the same as (1) above, 

3. An abort in-frame, when 26 bits or more have 
been received after an opening flag, might have 
transferred some fields of the aborted frame onto 
the data bus. The abort status is stored in Status 
Register 2 and the data of the aborted frame in the 
ADLC is cleared. The synchronization is also cleared. 

Idle and Time Fill 

When the Transmitter is in an out-of-frame condition (the 
Transmitter is not transmitting a frame), it is in an idle state. 
Either a series of contiguous flags (time fill) or a mark idle 
(consecutive Is on a bit-by-bit basis) is selected for the 
transmission in an idle state by the F/M Idle control bit. 
When the Receiver receives 15 or more consecutive 1s, 
the Rx Idle status bit is set and causes an interrupt. The 
flags and mark idle are not transferred to the Rx FIFO. 

Programming Considerations 

1. Status Priority — When the prioritized status mode is 
used, it is best to test for the lowest priority conditions 
first. The lowest priority conditions typically occur 
more frequently and are the most likely conditions to 
exist when the processor is interrupted. 

2. Stored vs. Present Status — Certain status bits (DCD, 
CTS, RxABT, and Rx Idle) indicate a status which is 
the logic OR of a stored and a present condition. It is 
the stored status that causes an interrupt and which is 
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cleared by the CLR RxST or CLR TxST control bit. After 
being cleared, the status register will reflect the present 
condition of an input or a receiver input sequence. 

3. Clearing Status Registers — In order to clear an 
interrupt with the two status clear control bits, 

a particular status condition must be read before it can 
be cleared. In the prioritized mode, clearing a higher 
priority condition might result in another IRQ caused by 
a lower priority condition whose status was suppressed 
when a status register was first read. This guarantees 
that a status condition is never inadvertently cleared. 

4. Clearing the Rx FIFO — An RxRS will effectively 
clear the contents of all three Rx FIFO bytes. However, 
the Rx FIFO may contain data from two different frames 
when abort or DCD failure occurs. When this happens, 
the data from a previously closed frame (a frame 
whose closing flag has been received) will 

not be destroyed. 

5. Servicing the Rx FIFO in a 2- Byte Mode — The 

procedure for reading the last bytes of data is the same, 
regardless of whether the frame contains an even or an 
odd number of bytes. Continue to read two bytes until 
an interrupt occurs that is caused by an end-of-frame 
status (FV or ERR). When this occurs, indicating that 
the last byte either has been read or is ready to be read, 
switch temporarily to the 1-byte mode with no prioritized 



status (Control Register 2). Test RDA to indicate 
whether a 1-byte read should be performed. Then clear 
the frame end status. 

6. Frame Complete Status and RTS Release — In m any 
cases, a modem will require a delay for releasing RTS. 
An 8 -bit or 16-bit delay can be added to the ADLC 
RTS output by using an abort. At the end of a 
transmission, frame-complete status will indicate the 
frame completion. After the TDRA/FC status bit goes 
HIGH, write 1 into the ABT control bit (and ABTex bit 

if a 16-bit delay is required). After the ABT control bit is 
set, write into the RTS control bit . The Transmitter 
will transmit eight or 16 Is and the RTS output will 
then go HIGH (inactive). 

7. Note to users not using the F6800 — (a) Care should 
be taken when performing a write followed by a read on 
successive E pulses at a high frequency rate. Time must 
be allowed for status changes to occur. If this is done, 
the time that E is LOW between successive write/ read E 
pulses should be at least 500 ns. (b) The ADLC is a 
completely static part. However, the E frequency should 
be high enough to move data through the FIFO registers 
and to service the peripheral requirements. Also, the 
period between successive E pulses should be less than 
the period of RxC or TxC in order to maintain synchro- 
nization between the data bus and the peripherals. 
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Absolute Maximum Ratings 



Supply Voltage, Vcc -0.3V, +7.0V 

Input Voltage, Vin -0.3V, +7.0V 
Operating Temperature, Ta 

F6854P/S, F68A54P/S, F68B54P/S 0°C, +70° C 

F6854CP/CS, F68A54CP/CS -40° C, +85° C 

F6854DL -55°C, +85°C 

F6854DM -55° C, +125° C 

Storage Temperature, Tstg -65° C, +150° C 



Thermal Resistance, 
Plastic 
Ceramic 



0JA 



115°C/W 
60°C/W 



These devices contain circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high-impedance circuit. 



DC Characteristics Vcc = 5.0 V ± 5%, Vss = 0, Ta = 


over operating temperature range, unless otherwise noted 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Condition 


VlH 


Input HIGH Voltage 


Vss + 2.0 






V 




ViL 


Input LOW Voltage 






Vss + 0.8 


V 




VOH 


Output HIGH Voltage 

D0-D7 

All Others 


Vss + 2.4 
Vss + 2.4 






V 


iLoad = -205 iuA 
iLoad = -100 fiA 


Vol 


Output LOW Voltage 






Vss + 0.4 


V 


iLoad = 1.6 mA 


llN 


Input Leakage Current 
All Inputs Except D0-D7 




1.0 


2.5 


mA 


Vin = to 5.25 V 


Itsi 


Three-State (Off State) Input Current 
D0-D7 




2.0 


10 


mA 


Vin = 0.4 to 2.4 V 
Vcc = 5.25 V 


Iloh 


Output Leakage Current (Off State) 
IRQ 




1.0 


10 


mA 


VoH = 2.4 V 


Pd 


Power Dissipation 






850 


mW 


Vcc = 5.25 V 


CiN 


Input Capacitance 

D0-D7 

All Other Inputs 






12.5 
7.5 


PF 


ViN = 0, 
Ta = 25°C, 
i= 1.0 MHz 


COUT 


Output Capacitance 
All Others 






5.0 
10 


PF 



AC Characteristics 





Characteristic 


F6854 


F68A54 


F68B54 




Symbol 


IVIin 


IVIax 


IVIin 


IVIax 


IVIin 


IVIax 


Unit 


PWCL 


Minimum Clock Pulse Width, LOW 


700 




450 




280 




ns 


PWCH 


Minimum Clock Pulse Width, HIGH 


700 




450 




280 




ns 


fmax 


Clock Frequency 




0.66 




1.0 




1.5 


MHz 


tRDSU 


Receive Data Set-up Time 


250 




200 




120 




ns 


tRDH 


Receive Data Hold Time 


120 




100 




60 




ns 


tRTS 


Request-to-Send Delay Time 




680 




460 




340 


ns 


tTDD 


Clock-to-Data Delay for Transmitter 




460 




320 




250 


ns 


tFD 


Flag Detect Delay Time 




680 




460 




340 


ns 


tDTR 


DTR Delay Time 




680 




460 




340 


ns 


tLOC 


Loop On-line Control Delay Time 




680 




460 




340 


ns 


tRDSR 


RDSR Delay Time 




540 




400 




340 


ns 


tTDSR 


TDSR Delay Time 




540 




400 




340 


ns 


tiR 


Interrupt Request Release Time 




1.2 




0.9 




0.7 


MS 


tRES 


RESET Minimum Pulse Width 


1.0 




0.65 




0.40 




MS 


tr, tf 


Input Rise and Fall Times (Except Enable) 
0.8 V to 2.0 V 




1.0* 




1.0* 




1.0* 


MS 



* lO/xs or 10% of the pulse width, whichever is smaller. 
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Bus Timing Characteristics Vcc = 5.0 V ± 5%, Vss = 0, Ta = over operating temperature range, unless otherwise noted 




Characteristic 


F6854 


F68A54 


F68B54 




Symbol 


IVIin 


Max 


IVIin 


IVIax 


Min 


Max 


Unit 


Read 


















PWeh 


Enable Pulse Width, HIGH 


0.45 




0.28 




0.22 




MS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




MS 


tcycE 


Enable Cycle Time 


1.0 




0.666 




0.50 




MS 


tAS 


Set-up Time, Address and R/W Valid to 
Enable Positive Transition 


160 




140 




70 




ns 


tODR 


Data Delay Time 




320 




220 




180 


ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable Input 




25 




25 




25 


ns 


Write 


















PWeh 


Enable Pulse Width, HIGH 


0.45 




0.28 




0.22 




MS 


PWel 


Enable Pulse Width, LOW 


0.43 




0.28 




0.21 




MS 


tcycE 


Enable Cycle Time 


1.0 




0.666 




0.50 




MS 


tAS 


Set Time, Address and R/W Valid to 
Enable Positive Transition 


160 




140 




70 




ns 


tDSW 


Data Set-up Time 


195 




80 




60 




ns 


tH 


Data Hold Time 


10 




10 




10 




ns 


tAH 


Address Hold Time 


10 




10 




10 




ns 


tEr, tEf 


Rise and Fall Time for Enable Input 




25 




25 




25 


ns 



Fig. 4 Bus Timing Test Loads 

LOAD A 
(D0-D 7. RTS . TxD ata. RDSR. 
TDSR, FLAG DIT, LO^/DTR) 5.0 V 



LOAD B 
(IRQ ONLY) 5Qy 



TEST POINT 1- 




Rl = 2.5 k > 3 k 

TEST POINT - 



::rZ 100 pF 



C = 130 pF for D0-D7 
= 30 pF for others 



= 11.7knforDo-D7, 
24 kf 1 for others 
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Fig. 5 Receiver Data Set>up/Hold, Flag Detect and Loop On-iine Control Delay Timing 

h* PWcH — : >\ 



\ 



X 



\ 



X 



I 2.4 V 



I 2.4 V 



I 0.4 V 



X 



Fig. 6 Transmit Data Output Delay and Request-to-Send Delay Timing 

U PWcH ^ 



2.0 v\ 

\0.8V 



/■ 



\ 



RTS 



•-\' 
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Fig. 7 TDSR/RDSR Delays, IRQ Release Delay, RTS and DTR Delay Timing 



I 2.0 



TDSR 
RDSR 



\. 



_tRDSR_ 
tTDSR 



\ 



X 



^0.4V 



X 



f 



r 



Fig. 8 Bus Read/Write Timing Characteristics 

READ tEr - 



CS, RSo 
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Ordering Information 



Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6854P,S 
F6854CP,CS 
F6854DL 
F6854DM 


to +70° C 
-40 to +85°C 
-55 to +85°C 
-55 to +125°C 


1.5 MHz 


F68A54P,S 
F68A54CP,CS 


to +70° C 
-40 to +85°C 


2.0 MHz 


F68B54P,S 


to +70° C 



P= Plastic package. S = Ceramic package 
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F3846/F6856 
Synchronous Protocol 
Communications Controller 



Microprocessor Product 



Description 

The F3846/F6856 Synchronous Protocol Communications 
Controller (SPCC) is a monolithic n-channel MOS LSI 
circuit designed to satisfy the major interface 
requirements of the bit-oriented protocol (BOP) and byte- 
control protocol (BCP). The SPCC converts parallel data 
from the CPU into a continuous serial data stream for 
transmission. Simultaneously, it converts received serial 
data to parallel data for the CPU. The SPCC is organized 
to interface with either an 8- or 16-bit bidirectional data 
bus, is fully TTL-compatlble, and operates from a single 
+ 5 V supply. 

• F6800 and 8080 Bus Compatible 

• Data Rate From DC to 1 M BPS 

• Bit-Oriented Line Control Protocols: 
SDLC, ADCCP, HDLC 

• Automatic Detection and Generation of Special 
Control Sequences (e.g., Flag, Abort, Go-Ahead) 

• Zero Insertion and Deletion 

• Primary or Secondary Station Select 

• Global Address 

• Automatic Extended Address 

• One or Two Control Bytes 

• Data Character Length From Five to Eight Bits 
with 1- to 8-Bit Residual Last Character 

• CCITT-CRC Error Detection 

• Interrupt on End of Message 

• IBM Retail Store Loop Mode 

• Byte Control Protocol: IBM BISYNC 

• Special Character Generation: DLE, SYNC 

• Special Character Detection: DLE, SYNC, SOH, 
STX, ITB, ETB, ETX 

• ASCII or EBCDIC 

• Non-Transparent Mode and Transparent Mode 

• 8-Bit Character Length 

• Automatic Fill Character Insertion with Selectable 
Stripping 

• CCITT or CRC-16 Error Detection 

• Interrupt on End of Message 

• Byte Control Protocols: DDCMP and Other 
Programmable SYNC Characters 

• 5- to 8-Bit Character Length 

• Selectable CRC Error Detection 

• Automatic Fill Character Insertion with Selectable 
Stripping 

• Directly Addressable Parameter Control Registers: 
Mode, SYNC/Address, Transmitter Control, and 
Receiver Control 



• Separate Addressable Status and Data Registers for 
Receiver and Transmitter 

• Modem Handsh ake Signals: 
RTS, CTS, DTR, DSR, and CD 

• NRZ or NRZI (Zero-Complementing) 

• Full- or Half-Duplex Operation 

• Self-Test Loop Mode 

• 8- or 16-Bit Bidirectional 3-State Data Bus 

• TTL-Compatible 

• Single + 5 V Supply 

• 40-Pin Package 



Connection Diagram 






40-Pin DIP 












TSO 


c 


1 


"""^-^^ 


40 


3 vcc 


TCLK 


c 


2 




39 


3 RCLK 


RTS 


c 


3 




38 


13 RSI 


CT 


c 


4 




37 


3 RSOF 


•R/W 
t(Wff) 


c 


5 




36 


ZJ DSR 


Dsc;:: 


6 




35 


3 Do 


DaC 


7 




34 


:3Di 


Dio 


c 


8 




33 


3D2 


Dii 


c 


9 




32 


I]D3 


Ol2 C 


10 




31 


DD4 


D13 


c 


11 




30 


ZIDS 


D14 C 


12 




29 


ZJOS 


Dl5 


c 


13 




28 


3D7 


RDA 


c 


14 




27 


Ucb 


A2 


c 


15 




26 


ZJcTb 


Ai 


c 


16 




25 


ZJ TBMT 


Ao 


q 


17 




24 


3 IRQ 


BYTE 


cj 


18 




23 


3dTr 


*E 
t(RD) 




19 




22 


JMISC 


VSS 




20 




21 


3CE 








(Top View 








*F6856 Designation 
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F3846 Designation 
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Input/Output Designations 



Name Type 



Function 



D0-D15 I/O Data Bus: D0-D15 contain bidirectional 
data, status, and control information to 
and from the CPU. D0-D7 may be wired- 
OR to D8-D15 for use as an 8-bit data 
bus. 



A0-A2 

BYTE 

CE 
*R/W 



CI 
RCLK 

RSI 

TCLK 

TSO 
RDA 

RSOF 



I Register Address: Ao~A2 select internal 
data, status, and control registers. The 
internal registers may be selected as 
eight or 16 bits. See Register Address 
section. 

I Byte: A HIGH level indicates an 8-bit 
data bus. A LOW level indicates a 16-bit 
bus. 

I Chip Enable: A LOW level enables a 
data bus transfer with E. 



Read/Write: A HIGH level allows data 
from the addressed register to be output 
to the data bus. A LOW level allows data 
from the bus to be loaded into the 
addressed register. 

Enable: A strobe on this input causes 
information transfer between the data 
bus and the addressed register when the 
CE input Is LOW. 

Chip Initialize: A LOW level initializes 
the internal control registers and timing. 

Receiver Clock: RCLK provides timing 
for the receiver logic. RCLK frequency is 
the same as the received baud rate. 

Received Serial Input: RSI Is the 
received serial data. Data changes on 
the negative going edge of RCLK. 

Transmitter Clock: TCLK provides timing 
for the transmitter logic. TCLK 
frequency is the same as the trans- 
mitted baud rate. 

Transmitter Serial Output: TSO is the 
transmitted serial data. Data changes on 
the positive going edge of TCLK. 

Receiver Data Available: A HIGH level 
indicates an assembled character is in 
the receiver buffer. RDA is reset on the 
trailing edge of E when the receiver 
buffer is read by the CPU. 

Received SYNC or FLAG: RSOF is HIGH 
for one receiver clock period each time a 
received SYNC or FLAG character is 
detected. 



IRQ 



TBMT Transmitter Buffer Empty: A HIGH level 

indicates the device is ready to receive 
new data and/or control information 
from the CPU. TBMT is reset on the 
leading edge of the first TCLK following 
the trailing edge of E when the trans- 
mitter buffer is loaded. 

O Interrupt Request: The IRQ output goes 
LOW to indicate a change in the internal 
status of the device. The status bits 
linked to the IRQ output are receiver 
overrun (ROVR), received end-of- 
message ( REO M) and transmitter under- 
run (TUR). IRQ is reset on the trailing 
edge of E when the associated status 
register is read. 

O Data Terminal Ready: The DTR output is 
general-purpose in nature. It can be set 
LOW by programming the appropriate 
bit of the receiver control register. 

I Data Set Ready: The DSR input is 
general-purpose in nature. It can be 
tested by the CPU by reading the 
transmitter status register. 

I Carrier Detect: The CD input is general- 
purpose in nature. It can be tested by 
reading the transmitter status register. 

Request to Send: RTS is used with CTS 
to enable the transmitter. It may be set 
LOW by programming the appropriate 
bit of the transmitter control register. 

O Miscellaneous: The MISC output is 
general-purpose in nature. It can be set 
LOW by programming the appropriate 
bit of the receiver control register. 

I Clear to Send: CTS is used with RTS to 
enable the transmitter. It can be tested 
by reading the transmitter status 
register. 

I Power Supply Input: -1-5 V ±5%. 



DTR 



DSR 



CD 



RTS 



MISC 



CTS 



Vdd 

Vss 

fRD 



I Ground: V reference. 



I Read Pulse: Pulse (negative) on this 
input with address and CE transfers the 
addressed data register contents to the 
data bus. 

tWR I Write Pulse: Pulse (negative) on this 

input with address and CE transfers the 
data bus information to the addressed 
register. 

*Pin label for F6856 
tPin label for F3846 
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Register Definitions 



Bits 



Description 



Addressable 
MCSA Mode Control SYNC/Address 



TCDR Transmitter Control and 
Data Register 

RCTS Receiver Control and 

Transmitter Status Register 

RSDR Receiver Status and Data 
Register 



16 The upper eight bits (MCR) contain mode control information 

common to the receiver and transmitter. The lower eight bits 
(SAR) contain the programmed SYNC character in BCP or the 
secondary address in BOP. It is not used in BISYNC mode. 

16 The upper eight bits (TCR) contain control Information 

specifically for the transmitter. The lower eight bits (TDB) 
contain the data character to be transmitted. 

16 The upper eight bits (RCR) contain control information 

specifically for the receiver. The lower eight bits (TSR) contain 
transmitter and modem status Information. 

16 The upper eight bits (RSR) contain receiver status Information. 

The lower eight bits (RDB) contain the assembled received 
character. 



Internal Receiver 

RIR Receiver Input Register 8 

RIB Receiver Input Buffer 16 

RSPR Receiver Serial to Parallel 8 
Register 

CCR CCR Check Register 16 

Internal Transmitter 

TXR Transmitter Shift Register 8 

CGR CRC Generation Register 8 



RIR, RIB and RSPR are used for character assembly and CCR 
is used to check for received CRC error. 



TXR is used to convert parallel data from TDB to a serial 
output. CGR generates the transmitted CRC check sequence. 



Short Form Register Format 





15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 3 


2 


1 





MCSA 


PROTOCOL 
SELECT 


LRSS 


CC 


NRZI 


LOOP 


EC 


SYNC/SECONDARY ADDRESS 
1 1 1 1 1 1 1 








MCR -i 1 i- SAR 




TCDR 


SOM 


TACG 


GATD 


EOM 


RTS 


1 1 

TCL2-TCL0 

i f 


1 1 1 1 1 1 1 

TRANSMITTER DATA 
1 1 1 1 t 1 1 








TCR — 1 — TDB 




RCTS 


DTR 


MISC 


NOT 
USED 


CRC 


RE 


1 

RCLi-RCLo 

1 


TUR 


TBMT 


TOR 


n6t 

USED 


CTS 


CD 


DSR 












^ TSR 










RSDR 


ROVR 


RDA 


REOM 


ABGA 


1 1 

RDL2-RDL0 

1 i 


RERR 


1 1 1 1 1 1 1 

RECEIVED DATA 
1 1 1 1 1 1 1 



RSR — I - 
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Error Control 

BOP A frame check sequence (FCS) is 

transmitted/received as a 16-bit cliaracter 
following the last data character of a 
frame. The CRC polynomial used to 
generate/check the FCS is CRC-CCITT 
(X16 + X12 + X5 + 1) with the dividend 
preset to "0"s or "1"s. 

BISYNC A block check character (BCC) is trans- 
mitted/received as a 16-bit character 
following an ITB, ETB or ETX character. 
The CRC polynomial used to 



generate/check the BCC is either CRC-16 
(X16 + X15 + X2 + 1) or CRC-CCITT with 
the dividend preset to "0"s. 

BCP A BCC (for 8-bit characters only) twice the 

data character length is transmitted/ 
received following the last data character 
of a message if CRC is selected. The CRC 
polynomial used to generate/check the 
CRC is CRC-16 or CRC-CCITT preset to 
"0"s. No error check is available for 
character lengths less than eight bits. 



Special Characters 



Character 



Bit Pattern 



Function 



BOP 




Frame 


FLAG 


01111110 


Message 


ABORT 


11111111 Generated 
11111110 Detected 


Terminate a message prematurely 


GA 


11111110 


Close frame in store loop mode 


ADDRESS 


SAR 


Secondary station address 


BISYNC 






SYNC 


00010110 ASCII 
00110010 EBCDIC 


Start a message and fill character 


PAD 


11111111 


End-of-frame pad 


DLE 


00010000 


Data link escape 


SOH 


00000001 


Start of heading 


STX 


00000010 


Start of text 


ITB 


00011111 


End of intermediate transmission block 


ETB 


00010111 ASCII 
00100110 EBCDIC 


End of transmission block 


ETX 


00000011 ETX 


End of transmission 



BCP 






SYNC 


SAR 


Start a message and fill character 


PAD 


11111111 


End-of-frame pad, selectable fill character for DDCMP. 
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Functional Description 

The SPCC is functionally partitioned into receiver, 
transnnitter, addressable registers, and data bus control. 
Figure 7 is a block diagram of the SPCC; Figures 2 and 3 
show the data flow in the receiver and transnnitter, 
respectively. 

Receiver 

The mode control SYNC address (MCSA) register must 
be programmed prior to starting receiver operation. The 
receiver may then be enabled and the character length 
established by programming the receiver control register 
(RCR). Once the receiver is enabled, data on the RSI 
input will be serially shifted into the receiver input 
register (RIR). Data is decoded from NRZI to NRZ as it is 
continuously monitored, on a bit-for-bit basis, for a 
match with the FLAG (BOP) or SYNC (BISYNC or BCP) 
character. The RSOF output is set HIGH for one RCLK 
clock period when a match occurs. The receiver then 
operates as described below for each mode of operation. 

BOP Operation — A flow chart of BOP receiver operation 
is shown in Figure 4. The receiver starts assembling 
characters and accumulating the CRC immediately after 
the detection of a FLAG. It also continues to search for 
additional FLAG, ABORT or GA characters on a bit-for-bit 
basis. Zero deletion (to remove "0"s added to the data 



stream after five consecutive "1"s to distinguish data 
from FLAG, ABORT and GA) is implemented in the RIR 
after the FLAG detection logic. 

Assembled characters are shifted through the receiver 
input buffer (RIB) into the receiver serial-to-parallel 
register (RSPR) and transferred to the receiver data 
buffer (RDB). The RDA output and status bit are set 
HIGH each time data is transferred to RDB. Receiver 
data should be read by the CPU before the next 
character is assembled to prevent an overrun, resulting 
in loss of data. The IRQ output will go LOW and the 
ROVR status bit will be set if an overrun occurs. 

Character length assembly is set at eight bits per 
character at the start of each frame. It remains at eight 
bits until the address and control fields have been 
processed. (See Figure 5). Character length switches to 
the programmed length at the start of the information 
field, if any, until the closing FLAG, ABORT or GA is 
detected. The length of the address field is determined 
by monitoring the least significant bit (LSB) of each 
address character for a logic "1". The last character of 
the address field has a "1" in the LSB. The length of the 
control field is one or two bytes, as programmed in the 
MCR. 



Fig. 1 Blocic Diagram 
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Fig. 2 Receiver Data Patli 
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DECODE 
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TO TXMTR 
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Fig. 3 Transmitter Data Path 
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Fig. 4 BOP Receive Flow Chart 




Character assembly and CRC accumulation are stopped 
when a closing FLAG, ABORT or GA is detected. REOM, 
ABGA (if the closing character was an ABORT or GA), 
RDL0-RDL2 (indicating length of last character) and 
RERR (If the accumulated CRC Is incorrect) status bits 
are set. The last character is transferred to RDB, the 
RDA output is set HIGH and the IRQ output is set LOW. 

The CRC accumulation includes all characters following 
the opening FLAG through the frame check sequence 
(FCS). The contents of the CRC check register (OCR) are 
checked at the close of a frame if CRC Is selected. If an 
error is detected, RERR status bit is set. Neither the FCS 
nor the closing FLAG are assembled and passed on to 
the CPU. 

The receiver may be turned off after the status and last 
characters are read by the CPU by resetting the RE bit of 
RCR, or it can be left active to receive additional frames. 

The closing FLAG of one frame may be used as the 
opening FLAG of the next frame. Character assembly of 
the next frame starts with the first non-FLAG character. 
If the frame was closed with an ABORT or GA, an 
opening FLAG must be detected before character 
assembly of the next frame is started. 

All receiver status bits except RDA are reset after the 
receiver status register (RSR) is read by the CPU. The 
RDA output and status bit are reset when RDB Is read by 
the CPU. 

If secondary address is selected, the first non-FLAG 
character of a frame is compared to the contents of the 
SYNC/Address Register (SAR). Data for the frame is not 
passed on to the CPU if no address npatch occurs. When 
GLOBAL address is selected, an all '1s' address also 
results in address match. 

Loop Repeater Operation — Loop repeater mode is a 
special case of BOP. Receiver operation is the same as 
for BOP, except that the NRZI decode logic is disabled, 
frames may be terminated by a GO-AHEAD or FLAG, and 
received data and GA are routed to the transmitter. The 
RCLK and TCLK lines should be tied together in this 
mode. 




Fig. 5 BOP IVIessage Format 



F 
L 
A 
G 


ADDRESS 
FIELD 


CONTROL 
FIELD 


INFORMATION FIELD 
(IF ANY) 


FCS 


F 
L 




n 8-BIT 
BYTES 


1 OR 2 
8-BIT 
BYTES 


to m BITS 


16 
BITS 





INCLUDED IN CRC ACCUM. 



BISYNC Operation — A flow chart of BISYNC receiver 
operation is shown in Figure 6, and the BISYNC 
message format is illustrated in Figure 7. Characters in 
BISYNC mode may be either EBCDIC or ASCII, as 
programmed in the MCR. Character length defaults to 
eight bits. The eighth bit, when ASCII is programmed, 
may be used for odd parity by the CPU. It is ignored In 
the recognition of the ASCII characters. 
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Character assembly starts after receipt of two 
continuous SYNC characters and continues until the 
receiver is turned off by resetting the RE bit of RCR. 
Assembled characters are shifted through the RIB to the 
RSPR and transferred to the RDB. The RDA output and 
status bits are set HIGH each time a character Is 
transferred to the RDB. All characters that match the 
SYNC character in non-transparent mode and DLE SYNC 
pairs (if not immediately preceded by an odd number of 
DLEs) In transparent mode are excluded from the RDB. 
However, the RSOF output goes HIGH for one RCLK 
clock period each time a SYNC character is detected. 

Data must be read by the CPU each time the RDA output 
goes HIGH before the next character is assembled to 
prevent an overrun, resulting in loss of data. The IRQ 
output goes LOW and the ROVR status bit Is set if an 
overrun occurs. 

The receiver always starts operation in the non- 
transparent mode. It switches to transparent mode if a 
DLE STX character pair is received. The receiver will then 
remain In transparent mode until a DLE ITB, DLE ETB or 
DLE ETX (if not Immediately preceded by an odd number 
of DLEs) character pair Is received. 

CRC accumulation begins after the first non-SYNC 
character if the first character is an SDH or STX. It 
begins after the second non-SYNC character and enters 
transparent mode if the first two non-SYNC characters 
are DLE STX. SYNC characters in non-transparent mode 
or DLE SYNC pairs in transparent mode are excluded 
from the CRC accumulation. The first DLE of a DLE DLE 
sequence and the DLE of DLE ITB, DLE ETB or DLE ETX 
sequences are not included in the accumulation. The 
CRC Is checi<ed for 0000 remainder after receipt of an 
ITB, ETB or ETX in non-transparent mode or DLE ITB, 
DLE ETB or DLE ETX In transparent mode. The REGM 
and RERR (a non-zero remainder is detected) status bits 
are set when the closing character is transferred to the 
RDB, RDA Is set HIGH and IRQ is set LOW. The block 
check character (BCC) following the closing character is 
passed to the CPU as the next two characters. If the 
closing character was an ETB or ETX, the receiver 
should be reset by dropping the RE bit of RCR. If the 
closing character was an ITB, CRC accumulation and 
character assembly will start again on the first character 
following the BCC. 

All receiver status bits except RDA are reset each time 
RSR is read by the CPU. The RDA output and status bit 
are reset each time RDB is read by the CPU. 



Fig. 6a BISYNC Receive 
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Fig. 6b BISYNC Receive 
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Fig. 6c BISYNC Receive 
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Fig. 6d BtSYNC Receive 
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Fig. 7 BISYNC Message Format 



NO 
CRC 



s 

Y 
N 


S 
Y 
N 


N 
A 
K 


P 
A 
D 



E 
iTBCC 



TXPAftENT 
PATA 



TXPARENT 
DATA 



E 
TBCC 



HEADING 



TXPARENT 
PATA 



TBCC 

i 



X IP^Mji 



p 

BCC A 



SHADEP AREA INCLUDED 
IN CRC ACCUMULATION 



TXPARENT 
PATA 



Shaded area included in CRC accumulation. 



BCP Operation — The flow diagram for BCP mode other 
than BISYNC is shown in Figure 8, and the BCP 
message format is illustrated in Figure 9. The SYNC 
character is programmed in the SAR. All characters, 
including the SYNC character are the length specified in 
the receiver control register (RCR). 

Character assembly starts after receipt of two 
contiguous SYNC characters and continues until the 
receiver is turned off by resetting the RE bit of RCR. 
Assembled characters are shifted through the RIB to the 
RSPR and transferred to the RDB. The RDA output and 
status bit are set HIGH each time an assembled 
character is transferred to the RDB. All characters that 
match the SYNC character are excluded from the RDB, if 
SYNC strip has been programmed. Only leading SYNC 
characters are excluded from the RDB if SYNC stripping 
has not been programmed. However, the RSOF output 
goes HIGH for one RCLK clock period each time a SYNC 
character is detected. 



CRC accumulation begins with the first non-SYNC 
character and includes all subsequent characters if 
SYNC strip is not programmed. The CRC accumulation 
will include only non-SYNC characters if SYNC strip Is 
programmed. The CRC accumulation is checked each 
character time and the RERR status bit is set if the 
remainder does not equal "0" or reset if the remainder 
equals "0". Since there is no defined end-of-message 
(EOM) character, the REOM status bit is not set. The 
CPU must determine when the end of message occurs 
and check the RERR status at that time. If an error-free 
message has been received, RERR will be "0" for one 
character time. RE may be dropped, thereby resetting the 
receiver, after the last character has been read. If RE is 
not reset, CRC accumulation and character assembly 
will begin again on the first character following the BCC. 
The two characters of the BCC are output as normal 
data characters. 



Data must be read by the CPU each time the RDA output 
goes HIGH before the next character is assembled. If 
not, an overrun will occur resulting in loss of data. The 
IRQ output goes LOW and the ROVR status bit is set if 
an overrun occurs. 
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Fig. 8a BCP Receive 
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Fig. 8b BCP Receive 
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Fig. 9 BCP IVIessage Format 
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Transmitter 

The mode control SYNC/ad dress (MCSA) register must 
be programmed prior to starting transmitter operation. 
Tlie CRC bit of tlie receiver control register must be set 
if ORG error checl<ing is desired. The RTS bit of the 
transmitter control register (TCR) must be set to turn on 
the transmitter. The SOM bit of TCR may also be set at 
this time and the transmitter data buffer (TDB) loaded 
with the first character of the m essage. When RTS has 
been loaded into TCR, the RTS output goes LOW. The 
TSO output Is held HIGH (marks) until the GTS input 
goes LOW. Two SYNG or FLAG Characters are then 
output on TSO, if SOM has been set. Otherwise, TSO will 
continue to output marks until SOM is set and the first 
character is loaded into TDB. Transmitter operation after 
the two SYNG or FLAG characters have been output 
depends on the mode of operation. Note that TRS and 
transmitter character length must be reloaded each time 
TGR is updated until after the EOM bit has been set. 

BOP Operation — Character length in BOP mode always 
starts at eight bits per character each frame. It remains 
eight bits until the address and control fields have been 
transmitted. It then switches to the programmed length 
at the start of the information field, if any, until the last 
character has been transmitted. Character length 
switches back to eight bits for the transmission of the 
frame check sequence (FCS) and the closing FLAG. 

A flow diagram for BOP transmitter operation is shown 
In Figure 10. The secondary address is transmitted after 
the Initial two FLAGs. The secondary address comes 
from the SYNC/address register (SAR) if the device is 
programmed as a secondary station or from the TDB if 
the device is programmed as a primary. If the secondary 
address came from SAR, it is followed in the 
transmission by the character from TDB. Characters are 
transferred in parallel from SAR or TDB to the 
transmitter shift register (TXR) and serially shifted, LSB 
first, out the TSO output. The TBMT output and status 
bit are set HIGH each time data is transferred from TDB. 
The CPU must update TCR, If required, and load TDB 
with the next character. An underrun occurs if this Is not 
done within one character time. If an underrun occurs, 
theTUR status bit Is set and an ABORT (11111111) is 
transmitted. The output is held at a mark until SOM is 
set for a new message. A transmitter overrun occurs if 
TDB is updated before TBMT goes HIGH. An overrun can 
result in the misinterpretation or loss of the character in 
TDB. The TOR status bit is set when an overrun occurs. 

The least significant bit (LSB) of each character, starting 
with the secondary address Is examined. The first 
character with an LSB = "1" denotes the last character 
of the address field. The next one or two characters 



(programmed in MCR) are the control field. The character 
length switches to the programmed length In TCR after 
the last character of the control field, unless that 
character was the end of message. 

The CPU must set the EOM bit of TCR when loading the 
last character of the message. Character length may be 
changed at this time to allow transmission of a residual 
last character. The character in TDB is followed by the 
FCS (if CRC is selected) and a closing FLAG when EOM 
is se t. The transmitter may be turned off by resetting 
RTS after TBMT goes HIGH or it may remain active. The 
closing FLAG of one frame may be used as the opening 
FLAG of the next frame by setting SOM and loading TDB 
after TBMT goes HIGH. If the transmitter is left active 
and SOM has not been set, FLAG characters are 
transmitted between frames if the GATD bit of TCR 
equals "0" or marks if GATD equals "1". 

Fig. 10a BOP Transmit 
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A message may be terminated at any time with an 
ABORT by setting the TACG bit of TCR. This causes the 
TSO output to go immediately to mark condition until 
SOM is set. 

Data transmitted on the TSO output is monitored 
continuously for five consecutive "1s." A "0" is inserted 
in the data stream each time this condition occurs. This 
insures that a data character will not be interpreted as a 
FLAG, ABORT or GA at the received end. 

Fig. 10b BOP Transmit 



TUR and TOR status bits are reset whenever the 
transmitter status register (TSR) is read. The TBMT 
output and status bit are reset when TDB is loaded. 

ORG accumulation begins with the first non-FLAG 
character and includes all subsequent characters up to 
and including the last data character. The accumulated 
ORG is then transmitted as the FGS following the last 
data character, if CRG is selected. 



Fig. 10c BOP Transmit 
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Loop Repeater Operation — Loop repeater mode is a 
special case of BOP. The primary station in the loop 
should be programmed for normal BOP primary 
operation. The GATD bit of TOR is used to initiate a 
polling sequence. When this bit is set, marks are 
transmitted after the closing FLAG of a frame. The last 
"0" of the closing FLAG and the next seven "1s" are 
interpreted down-loop as a GO-AHEAD. The end of the 
polling sequence is detected when the ABGA (received 
GA) bit of the RSR is set. 

Down-loop stations should be programmed as BOP 
secondary, loop repeater (LRSS = "1" in MCR). In this 
mode, data received at the RSI input is delayed one bit 
time and output on TSO. When d ata i s to be transmitted 
in this mode, the CPU should set RTS and SOM and Joad 
the first character into TDB. The GTS input is ignored in 
this mode. The transmitter waits for a received GA. 
When a received GA is detected, the seventh "1" is 
changed to a "0," creating a FLAG. This prevents 
the down-loop station from receiving a GA, reserving the 
line for the transmitting station. The TBMT output and 
status bit are set and transmitter operation proceeds in 
normal BOP operation, except that the NRZI encode 
logic is disabled. 

When the last character and FCS have been transmitted, 
the message is terminated with a GA. The TSO output 
switches back to RSI delayed one bit time. Down-loop 
stations may then capture the line by detecting the GA. 

The RCLK and TCLK lines should be tied together in 
this mode. 

BISYNC Operation — A flow diagram for BISYNC 
transmitter operation is shown in Figure 11. Character 
length for BISYNC mode defaults to eight bits per 
character. The transmitter always assumes non- 
transparent mode unless forced to transparent mode by 
the CPU. 

The message format following the initial SYNC pair 
depends on the action of the CPU. If the transmitter data 
buffer (TDB) has not been loaded with the first character 
of the message, SYNC characters are output on TSO 
until a TDB load. This can occur only with an 8-bit data 
bus, since TOR and TDB are loaded simultaneously for a 
16-bit data bus. The character from TDB, when available, 
is transferred to the transmitter shift register, (TSR) and 
serially shifted out the TSO output. The character in TDB 
is preceded by a contiguous DLE when GATD (transmit 
DLE) is set. The GATD bit is cancelled after it has been 
internally processed. The first occurrence is interpreted 



as a DLE STX command and the transmitter begins 
transparent mode operation. The transmitter will remain 
in transparent mode until the end of the message. 

The TBMT output and status bit are set HIGH each time 
data is transferred from TDB. The CPU should update 
TOR, if required, and load TDB with the next character. 
An underrun occurs if this is not done within one 
character time, and the TUR status bit is set and SYNC 
characters (or DLE SYNC pairs in transparent mode) are 
transmitted until TDB is updated. A transmitter overrun 
occurs if TDB is updated before TBMT goes HIGH. An 
overrun can result in the misinterpretation or loss of the 
character in TDB. The TOR status bit is set when an 
overrun occurs. 

The EOM bit of TCR, GATD (if in transparent mode) and 
TACG (if the accumulated CRC is to be transmitted as 
the block check character) should be set when the last 
character is loaded into TDB. The last character must be 
an ITB, ETB or ETX if CRC is used. A 16-bit BCC, if 
selected, is transmitted following the last character. The 
last character is followed by marks for a minimum of 
one character time if no BCC is transmitted. 

A second block of data may be transmitted immediately 
following the BCC by setting SOM and loading TDB after 
TBMT goes HIGH. The transmitter may be turned off at 
this time by resetting RTS. The transmitter transmits 
marks following the BCC for a minimum of one character 
time if SOM is not set. 

CRC accumulation begins after the first non-SYNC 
character for non-transparent mode, or after the second 
non-SYNC character if the message starts in transparent 
mode. The CRC continues up to and including the last 
character. SYNC characters or DLE SYNC pairs caused 
by a transmitter underrun are not included. Forced DLE 
characters in transparent mode are not included. The 
forced DLE of a DLE STX pair which occurs after the 
start of the message is included. (See Figure 7.) 

TUR and TOR status bits are reset whenever the 
transmitter status register (TSR) is read. The TBMT 
output and status bit are reset when TDB is loaded. 
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Fig. 11a BISYNC Transmit 
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Fig. 11c BISYNC Transmit 
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Fig. 11d BISYNC Transmit 
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BCP Operation — The flow diagram for BCP mode other 
than BISYNC is shown in Figure 12. The SYNC character 
is programmed in the SYNC/address register (SAR). All 
characters are the length specified in the transmitter 
control register (TCR). 

The message format following the initial SYNC pair 
depends on the action of the CPU. If the transmitter data 
buffer has not been loaded with the first character of the 
message, SYNC characters are transmitted until a TDB 
load. This can occur only with an 8-bit data bus, since 
TCR and TDB are loaded simultaneously for a 16-bit data 
bus. The character from TDB, when available, is 
transferred to the Transmitter Shift Register (TXR) and 
serially shifted out the TSO output. The TBMT output 
and status bit are set HIGH each time data is transferred 
from TDB. The CPU should update TCR, if required, and 
load TDB with the next character. An underrun occurs if 
this is not done within one character time, and the TUR 
status bit is set and SYNC characters (marks, if SYNC 
stripping is not programmed) are transmitted until TDB 
is updated. A transmitter overrun occurs if TDB is 
updated before TBMT goes HIGH. An overrun can result 
in the misinterpretation or loss of the character in TDB. 
The TOR status bit is set when an overrun occurs. 

The EOM bit of TCR and TACG (if the accumulated CRC 
is to be transmitted as the block check character) should 
be set when the last character is loaded into TDB. The 
last character is followed by a BCC and a pad character 
if CRC is selected, or the pad character only if CRC is 
not selected. The transmitter may be turned off by 
resetting RTS after TBMT goes HIGH. 



Fig. 12a BCP Transmit 
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CRC accumulation (see Error Control table) includes all 
non-SYNC characters. The CRC generation register 
(CGR) in BCP mode is defined as twice the character 
length. 

TUR and TOR status bits are reset whenever the 
transmitter status register (TSR) is read. The TBMT 
output and status bit are reset when TDB is loaded. 
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Fig. 12b BCP Transmit 
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Data Bus Control (F6856) 

The CPU uses the register address (Ap^Aa), byte select 
(BYTE), chip enable (CE), read/write (R/W), and enable (E) 
inputs to control information transfer on the data bus. 
The byte select Input specifies a 16-bit data bus when 
BYTE = "0" or an 8-bit data bus when BYTE = "1." For 
an 8-bit data bus, Do through D7 may be wired-OR with 
the corresponding pins, Ds through D15. 

A read operation (R/W = "1") is initiated on the leading 
edge of_E. The other control inputs (A0-A2, BYTE, CE, 
and RA/V) must be stable before the leading edge of E 
(see Bus Timing Characteristics). Any unused bits in the 
addressed register are "0." D8-D15 contain receiver 
status when TSR is read using a 16-blt bus. Status bits 
are reset on the trailing edge of E when the appropriate 
register is read. 

Data is loaded into the addressed register on the trailing 
edge of E for a write (RA/V = "0") operation. The other 
control inputs must be stable prior to the leading edge 
of E. TBMT is reset on the trailing edge of E when TCDR 
(16-bit bus) or TDB (8-bit bus) is addressed. 

Data Bus Control (F3846) 

Bus Control for the F3846 has the same characteristics 
as the F6856 with only RD required for read rather than 
both E and R/W being "1"s, and only WR required for 
write rather than E being a "1" and R/W being a "0." 

Register Addresses 






R/W 


Ao 


Ai 


A2 


Register 


RD 


WR 


BYTE = "0" 


1 


X 








RSDR 





1 


16-Bit 





X 


1 





TCDR 


1 





Data Bus 





X 





1 


MCSA 


1 







1 


X 




1 


RCTSl (TSR) 





1 







X 




1 


RCTSu (RCR) 


1 





BYTE = 1 


1 











RSDRl (RDB) 





1 


8-Bit Data 


1 


1 








RSDRu (RSR) 





1 


Bus D0-D7 













TCDRl (TDB) 


1 





Wired-OR 





1 







TCDRu (TCR) 


1 





to D8-D15 











1 


MCSAl (SAR) 


1 










1 





1 


MCSAu (MCR) 


1 







1 







1 


RCTSl (TSR) 





1 







1 




1 


RCTSu (RCR) 


1 
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Programming 

The mode control SYNC/address (MCSA) register is a 
directly addressable write-only register used to configure 
the SPCC for the user's specific data communications 
environment. MCSA should be programmed after 
initialization and prior to initiating data transmission or 
reception. It may be changed at any time that both the 
receiver and transmitter are disabled. The default mode 
(after initialization) is BOP primary with one byte control 
field, NRZI encoding, 8-bit character length, and error 
control using CRC-CCITT preset to "1s." The lower byte, 
SYNC/address, is not used in BOP primary mode. 

The transmitter control and data register (TCDR) is a 
directly addressable write-only register that controls the 
format of the transmitted data. The lower byte (TDB) 
contains the data characters to be transmitted. The 
upper byte (TOR) contains control information relating 
specifically to the data being transmitted. TCDR may be 
updated whenever the TBMT output is HIGH. The default 
mode for this register is all "Os" corresponding to 
transmitter disabled. 

The upper byte (RCR) of the receiver control and 
transmitter status register (RCTS) is a directly 
addressable write-only register that contains control 
inf ormat ion specifi cally related to the receipt of data and 
the DTR and MISC general-purpose outputs. Those bits 
that control the received character length should not be 
changed while the receiver is enabled. The default value 
of RCR is all "Os", corresponding to receiver disabled 
and general-purpose outputs at a HIGH level. 

Specific definition of the format of the addressable 
registers is given in the following section. Address 
information is given in the Data Bus Control section. 
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Addressable Register Format 

Mode Control SYNC/Address (MCSA) Register - Write-Only 



15 14 13 


12 


11 


10 


9 


8 


7 


6 


5 4 3 2 1 





PROTOCOL 
SELECT 

L 1 


LRSS 


CC 


NRZI 


LOOP 


EC 


1 1 1 1 1 1 1 
SYNC/SECONDARY ADDRESS 

1 1 1 1 1 1 1 



Bit 



Name 



Mode 



Function 



0-7 



SAP 



SYNC/ad dress register 
BOP Secondary address for secondary station mode 

BISYNC Not used 

BCP SYNC character 




EC 



Error control 
BOP = CCITT preset to all "0"s 

1 = CCITT preset to ail "1"s 
BISYNC = CRC-16 preset to all "0"s 

1 = CCITT preset to all "0"s 
BCP Same as BISYNC for 8-bit character length only 



9 


LOOP 


All 


Self-test loop mode, TSO loop to RSI Internally 


10 


NRZI 


All 


= NRZ data 

1 = NRZI, zero complementing 


11 


CC 


BOP 

BISYNC 

BCP 


= 1 control byte, 1 = 2 control bytes 
Not used 
Not used 



12 



LRSS 



Loop repeater/SYNC strip 
BOP = Normal mode 

1 = Loop repeater mode 
BISYNC Not used 

BCP = Tx mark for FILL character (strip leading SYNCs only) 

1 = Tx SYNC for FILL character (strip all SYNCs) 



13-15 



All 



Protocol select 15 14 13 

BOP, Primary 






1 


BOP, Secondary 





1 


1 BOP, Secondary, Global 


1 





BCP 


1 


1 


BISYNC - ASCII 


1 


1 


1 BISYNC - EBCDIC 








1 Reserved 


1 





1 Reserved 
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Addressable Register Format (Cont'd) 

Transmitter Control and Data Register (TCDR) - Write-Only 

15 14 13 12 11 10 9 8 





SOM 


TACG 


GATD 


EOM 


RTS 


1 
TCL2 

1 


1 
-TCLo 

1 


1 III 1 1 1 
TRANSMITTER DATA BUFFER 

1 1 1 i 1 1 1 
















Bit 


Name 


Mode 


Function 


0-7 


TDB 


All 


Transmitter data buffer 



8-10 



TCL0-TCL2 




Transmitter character length 




BOP/BCP 


8 


9 


10 

















8 bits 






1 








1 









1 





2 






1 


1 





3 












1 


4 






1 





1 


5 









1 


1 


6 






1 


1 


1 


7 







BISYNC 


Character length automatically 8 bits 


11 


RTS 


All 


Request to Send. "0" = "1" on RTS output; 
"1" = "0" on RTS output. 


12 


EOM 


All 


End of message. "1" defines character in TBD as last data 
character of message. This bit is self-cancelling. 



13 



GATD 



Go-ahead/transmit OLE 
BOP "0" = FLAGS transmitted between frames 

"1" = Marks transmitted between frames 
BISYNC "1" = Transmit OLE character ahead of character in TDB. Enter 

transparent mode. 
BCP Not used 

Transnhit abort/CRC generate 
BOP "1" = Transmit abort 

BISYNC/ "0" = No CRC on transmitted message 

BCP "1" = Transmit block check character after last data character 



14 



TACG 



15 



SOM 



All 



Start of message. Initiates start of message, causing SYNCs or 
FLAGS to be transmitted. This bit is self-cancelling. 
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Addressable Register Format (Cont'd) 

Receiver Control and Transmitter Status Register (RCTS) - Read/Write 

15 14 13 12 11 10 9 8 7 6 



DTP 


MISC 


NOT 

USED 

1 


CRC 


RE 


1 
RCLi - RCLo 

1 


TUR 


TBMT 


TOR 


NOT 

USED 

1 


CTS 


CD 


DSR 



Bit 


Name 


Mode 


Function 





DSR 


All 


Data set ready; equals "1" when DSR input is LOW. 


1 


CD 


All 


Carrier detect; equals "1" when CD input is LOW. 


2 


CTS 


All 


Clear to send; equals "1" when CTS Input is LOW. 


3-4 






Not used 


5 


TOR 


All 


Transmitter overrun; "1" = CPU updated TCDR before the SPCC 
was ready. 


6 


TBMT 


All 


Transmitter buffer empty; "1" = CPU may load new data and/or 
control information in TCDR. 



TUR 




All Transmitter underrun; "1" = CPU failed to load TDB In time. Abort 

is transmitted in BOP mode. When TUR occurs, FILL characters 
are transmitted in BISYNC or BCP. TUR occurs along with a LOW 
level of IRQ output. 



8-9 



RCL0-RCL1 



All 



Receiver 


character length 


8 9 







8-bitS 


1 


5 


1 


6 


1 1 


7 



10 


RE 


All 


Receiver enable; "1" enables receiver 


11 


CRC 


All 


"0" = No CRC (Transmit/Receive) 
"1" = CRC selected 


12-13 






Not used 


14 


MISC 


All 


Miscellaneous; "0" = "1" on MISC output; 
"1" = "0"on MISC output. 


15 


DTR 


All 


Data terminal ready; "0" = "1" on DTR output; 
"1" = "0" on DTR output. 
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Addressable Register Format (Cont'd) 

Receiver Status and Data Register (RSDR) - Read Only 



15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 4 3 2 1 





ROVR 


PDA 


REOM 


ABGA 


1 1 
RDL2 - RDLo 

1 1 


RERR 


1 II 1 II 1 
RECEIVER DATA BUFFER 

1 1 t 1 1 1 1 



Bit 


Name 


Mode 


Function 


0-7 


RDB 


All 


Receiver data buffer 


8 


RERR 


All 


Received error; "1" = CRC error occurred on received nnessage. 
Asserted when last character Is in RDB. 


9-11 


RDL0-RDL2 


BOP only 


Received last character length; corresponds to the number of bits 
in last character. 000 = 8 bits, 100 = 1 bit, 010 = 2 bits, etc. 


12 


ABGA 


BOP only 


Abort/go-ahead; corresponds to received abort if RERR = "1" or 
go-ahead if RERR = "0". 



13 REOM Received end-of-message 

BOP "1" = received FLAG, abort or go-ahead 

BISYNC "1" = received ITB, ETB, or ETX (preceded by DLE in transparent 

mode). 



14 



RDA 



All 



Received data available. "1" indicates valid data available in RDB. 



15 



ROVR 



All 



Receiver overrun. "1" indicates CPU failed to read data in RDB 
before next character was assembled. Accompanied by a LOW on 
IRQ output. 
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Absolute Maximum Ratings 

Operating Temperature 

Ceramic 

Cermet 

Plastic 
Storage Temperature 
Supply Voltage 
Input/Output Voltage 
Input Voltage 
Output Voltage 



-55X, 


+ 125X 


-55°C, 


+ 125X 


OX, 


+ 70X 


-65X, 


+ 150X 


-0.3 V, 


+ 7.0 V 


-0.3 V, 


+ 10V 


-0.3 V, 


+ 15 V 


-0.3 V, 


+ 10 V 



This device contains circuitry to protect the inputs against dannage due 
to high static voltages or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages. 



DC Characteristics Over the Operating Temperature Range 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Condition 


Vdd 


Supply Voltage 


4.75 


5.0 


5.25 


V 




ViL 
ViLC 
VlH 
VlHC 


Input Voltage 
Input LOW 
Clock LOW 
Input HIGH 
Clock HIGH 


-0.3 

-0.3 

2.0 

2.4 




0.8 

0.8 

Vdd 

Vdd 


V 
V 
V 
V 




Vol 

VOH 


Output Voltage 
Output LOW 
Output HIGH 


2.4 




0.4 


V 
V 


Iql = 1.6 m A 
loH = -300/tA 


Ili 
Ilo 


Leakage Current 
Input Leakage 
Output Leakage 






2.5 
±10 


/.A 
/iA 




Idd 


Supply Current 






120 


mA 


Vdd = 5.25 V 


Ci 

Co 

Cio 


Capacitance 
Input 
Output 
Bus In 






10 
15 
20 


PF 
PF 
pF 


Measured at +27''C 
and 1 MHz 




Serial Port Timing Characteristics (Refer to Figure 13) 



Symbol 


Parameter 


Min 


Max 


Unit 


tRS 


RSI Set-up Time 


100 




ns 


tRH 


RSI Hold Time 


50 




ns 


tTSD 


Transmit Serial Data 




200 


ns 


tCPW 


Clock Pulse Width 


400 




ns 
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Bus Timing Characteristics (Refer to Figure 14) 


Symbol 


Parameter 


Min 


Max 


Unit 


Read 


tcycE 


Enable Cycle Time 


1.0 




/^s 


PWeh 


Enable Pulse Width, HIGH 


450 




ns 


PWel 


Enable Pulse Width, LOW 


430 




ns 


tAS 


Set-up Tinne, Address and R/W F6856 
Valid to Enable Positive Transition F3846 


160 
260 




ns 
ns 


tODR 


Data Delay Time 




320 


ns 


tH 


Data Hold Time 


10 




ns 


tAH 


Address Hold Time 


10 




ns 


tEr. tEf 


Rise and Fall Time for Enable Input 




25 


ns 


PWrl 


RD, Cl Pulse Width, LOW 


430 




ns 


Write 


tcycE 


Enable Cycle Time 


1.0 




US 


PWeh 


Enable Pulse Width, HIGH 


450 




ns 


PWel 


Enable Pulse Width, LOW 


430 




ns 


tAS 


Set-up Time, Address and R/W F6856 
Valid to Enable Positive Transition F3846 


160 
260 




ns 
ns 


tosw 


Data Set-up Time 


195 




ns 


tH 


Data Hold Time 


10 




ns 


tAH 


Address Hold Time 


10 




ns 


tEr, tEf 


Rise and Fall Time for Enable Input 




25 


ns 


PWWL 


WR, CI Pulse Width, LOW 


430 




ns 



Fig. 13 Clocic and Serial Data 

RCLK 



tcpw — ^ 

TDCZ 



^^^ 



-tcpW"" 



X 
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Fig. 14 Read/Write Timing Diagram 



Ao-Aa, BYTE, *R/W 



WRITE *E 



A0-A2, BYTE, "R/W 



X 



tEr |-* PWeH H *Ef 



/ 



-<-tH-H 



X 



X 



i 



r 



H-tAH 



X 



X 



-^ |-*-tAH 



X 
X 



-H 




*6856 
t3846 



Ordering Inf 


ormation 




Speed 


Order Code 


Temperature Range 


1.0 MHz 


F6856P, S 


OX to +70X 




F6856CP, CS 


-40°C to +85 °C 




F6856DL 


-55°Cto +85°C 




F6856DM 


-55Xto +125X 


1.0 MHz 


F3846P, S 


0°Cto +70°C 




F3846CP, CS 


-40°C to +85 °C 




F3846DL 


-55Xto +85°C 




F3846DM 


-55°Cto +125°C 



P = Plastic Package S = CER-DIP Package 
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F38456/F68456 
Multiple Protocol 
Communications Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F38456/F68456 Multiple Protocol 
Communications Controller (MPCC) is a programmable 
microprocessor peripheral that interfaces a computer 
system to a serial data communications channel with 
minimum system overhead. It is designed to satisfy the 
major interface requirements for asynchronous, 
synchronous bit-oriented protocols (BOP), or 
synchronous byte control protocols (BCP). The MPCC is 
well-suited for application in computer-to-computer 
communication, or control of network trunk lines. 

The MPCC is organized to interface with either an 8- or 
16-bit bidirectional data bus, is fully TTL compatible, and 
operates from a single + 5 V supply. 

• F6800, Z80, and 8080 Bus Compatible 

• Data Rate from DC to 2M BPS 

• Asynchronous Protocols: 

• 5- to 8-Bit Character Length 

• Parity — Even, Odd or None 

• Stops Bits -1,1.5 or 2 

• Clock Rates - IX, 8X, 16X or 32X Baud Rate 

• Interrupt on Received Parity or Framing Error 

• Bit-Oriented Line-Control Protocols — SDLC, ADCCP, 
HDLC 

• Automatic Detection and Generation of Special 
Control Sequences (e.g., Flag, Abort, Go-Ahead) 

• Zero Insertion and Deletion 

• Primary or Secondary Station Select 

• Secondary Station Address Recognition 

• Global Address Recognition 

• Automatic Extended Address 

• One or Two Control Bytes 

• Data Character Length from 5- to 8-Bits with 1- to 
8-Bit Residual Last Character 

• CCITT-CRC Error Detection 

• Interrupt on End of Message 

• IBM Retail Store Loop Mode 

• Byte Control Protocol: IBM BISYNC 

• Special Character Generation: DLE, SYNC 

• Special Character Detection: DLE, SYNC, SOH, 
STX, ITB, ETB, ETX, ENQ 

• ASCII or EBCDIC 

• Normal and Transparent Text Mode 

• 8-Bit Character Length 

• Automatic DLE Stuff-Stripping in Transparent 
Mode 

• Automatic Fill Character Insertion with Selectable 
Stripping 

• Selectable Leading Pad Transmission (Hex 55, 55) 

• CCITT, CRC-16 or VRC/LRC Error Detection 

• Interrupt on End of Message 






Byte Control Protocols: DDCMP and Other Custom 
BCP 

• Programmable SYNC Character 
5- to 8-Bit Character Length 
Selectable Leading Pad Transmission (Hex 55, 55) 
Selectable CRC Error Detection 
Automatic Fill Character Insertion with Selectable 
Stripping 

• CCITT, CRC-16, CRC-12, or (Odd/Even) VRC/LRC 
• Directly Addressable Parameter Control Registers: 

Mode, SYNC/Address, Transmitter Control, and 
Receiver Control 

• Separate Addressable Status and Data Registers 
for Receiver and Transmitter 

• Modem Handshake Signals: RTS, CTS, DTR, DSR, 
and CD 

NRZ or NRZI (Complement on Zero) Serial Data 
Full or Half-Duplex Operation 
Self-Test Loop-Back Mode 
8- or 16-Bit Bidirectional 3 State Data Bus 
40 Pin Ceramic or Plastic Package 






Connection Diagram 



TSO ZZ 


1 


vy 


40 


ZJ VCC 


TCLK C 


2 




39 


Z2 RCLK 


RTS C 


3 




38 


ZJ RSI 


ciC 


4 




37 


d RSOF 


•R/W p- 
^(WR) »— 


5 




36 


Z} DSR 


DsC 


6 




35 


13 Do 


D9|Z 


7 




34 


UDl 


Dio C 


8 




33 


Z1D2 


dul: 


9 




32 


C1D3 


D12 CI 


10 




31 


I]D4 


D13 C 


11 




30 


UDs 


D14 CI 


12 




29 


I]D6 


Di5 n. 


13 




28 


DD7 


RDA CI 


14 




27 


CI CD 


A2 C 


15 




26 


dCTS 


AiC 


16 




25 


CI TBMT 


AoC 


17 




24 


Z2 IRQ 


BYTE nZ 


18 




23 


dDTR 


^(RD) l- 


19 




22 


CJMISC 


Vss C 


20 




21 


C3CE 


*F 


68456 


Designation 




tF 


38456 Designation 
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Signal Functions 



TRANSMIT/ 
RECEIVE 



MODEM STATUS 
AND CONTROL 



1- 



TRANSMITTER/RECEIVER 
STATUS AND CONTROL 



TSO 
RSI 
TCLK 
RCLK 

CD 
RTS 

ers 
dsr 

WT5C 



RDA 

TBMT 

RSOF 



Do 

Dl 

D2 

D3 

D4 

D5 

De 

D7 

Ds 

D9 

D10 

D11 

D12 

D13 

Dl4 

Di5 

Ao 

Ai 

A2 

J(Rp) 

R/W (WR) 

CE 

BYTE 

IRQ 

CI 

Vcc 
Vss 



CPU INTERFACE 
AND CONTROL 



^y 



Bioci( Diagram 



--<^ su^^eps <^ 
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The F38456/F68456 signal functions are described in the 
following table. 



Mnemonic 


Pin No. 


Name 


Description 


Transmit/ Receive 








TSO 


1 


Transmitter 
Serial Output 


This output signal is the transmitted serial data. Data 
changes on the positive going edge of TCLK. 


RSI 


38 


Received Serial 
Input 


This input signal is the received serial data. Data changes 
on the negative going edge of RCLK. 


TCLK 


2 


Transmitter Clock 


Timing of the transmitter logic is provided by this input signal. 
Frequency is the same as the transmitted baud rate. 


RCLK 


39 


Receiver Clock 


Timing for the receiver logic is provided by this input. 
Frequency is the same as the received baud rate. 


IVIodem 
Status/Control 








CD 


27 


Carrier Detect 


This input Is general-purpose in nature. It can be tested by 
reading the transmitter status register. 


RTS 


3 


Request to Send 


This output is used with clear to send to enable the 
transmitter. It may be set low by programming the appropriate 
bit of the transmitter control register. 


CTS 


26 


Clear to Send 


This input signal is used with request to send to enable the 
transmitter. It can be tested by reading the transmitter status 
register. 


DTR 


23 


Data Terminal 
Ready 


This is a general-purpose output. It can be set low by 
programming the appropriate bit of the receiver control 
register. 


DSR 


36 


Data Set Ready 


This is a general-purpose input. It can be tested by the CPU by 
reading the transmitter status register. 


MISC 


22 


Miscellaneous 


This is a general-purpose input/output. It can be set low by 
programming the appropriate bit of the register; it can be 
tested by the CPU by reading the receiver control register. 


Transmitter/ 

Receiver 

Status/Control 








RDA 


14 


Receiver Data 
Available 


A high level on this output signal indicates an assembled 
character Is in the receiver buffer. RDA is reset on the trailing 
edge of enable when the receiver buffer is read by the CPU. 


TBMT 


25 


Transmitter 
Buffer Empty 


A high level indicates the device is ready to receive new data 
and/or control information from the CPU. This output signal is 
reset on the leading edge of the first transmitter clock; it 
follows the trailing edge of enable when the transmitter buffer 
is loaded. 
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Mnemonic 


Pin No. 


Name 


Description 


Transmitter/ 

Receiver 

Status/Control 








RSOF 


37 


Received Sync 
or Flag 


RSOF is high for one receiver clock period when a received 
sync or flag character is detected on this output signal. 


CPU interface 
and Controi 








Do-D,5 


6-13 
28-35 


Data Bus 


These are 16 bidirectional input/output data lines which 
control information to and from the CPU. Dq - D7 can be wired 
to Dg - 0^5 for use as an 8-bit data bus. 


A0-A2 


15-17 


Register Address 


These input signals select internal data, status, and control 
registers. They may be selected as 8- or 16-bit registers. 


E 


19 


Enable 
(F6456) 


A strobe on this input causes information transfer between 
the data bus and the addressed register when the chip enable 
input is low. 


RD 


19 


Read Pulse 
(F38456) 


A negative pulse on this input with address causes chip 
enable to transfer the data bus information to the addressed 
register. 


R/W 


5 


Read/Write 
(F68456) 


A high level on this input allows data from the addressed 
register to be output to the data bus. A low level allows data 
from the bus to be loaded into the addressed register. 


WR 


5 


Write Pulse 
(F38456) 


A negative pulse on this input with address causes chip 
enable to transfer the data bus information to the addressed 
register. 


CE 


21 


Chip Enable 


A low level on this input signal enables a data bus transfer 
with enable. 


BYTE 


18 


Byte 


A high level on this input signal indicates an 8-bit data bus. A 
low level indicates a 16-bit bus. 


IRQ 


24 


Interrupt Request 


This output goes low to indicate a change in the internal 
status of the device. The status bits linl<ed to this output are 
receiver overrun (ROVR), received end-of-message (REOIVI) and 
transmitter underrun (TUR). IRQ Is reset on the trailing edge of 
enable when the associated status register is read. 


ci 


4 


Chip Initialize 


A low level initializes the internal control registers and timihg 
on this input signal. 


Power 








^DD 


40 


Power Supply 


Power supply input: -h5 V ±5% 


Vss 


20 


Ground 


Ground: V reference 
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General-Purpose 
Interface Adapter 

Microprocessor Product 



Description 

The F68488 General-Purpose Interface Adapter (GPIA) 
provides the means to interface between an IEEE-488 
standard instrument bus and the F6800. The 488 instrument 
bus provides a means for controlling and moving data from 
complex systems of multiple instruments. 

The F68488 will automatically handle all handshake protocol 
needed on the instrument bus. 

• Single or Dual Primary Address Recognition 

• Secondary Address Capability 

• Complete Source and Acceptor Handshakes 

• Programmable Interrupts 

• RFD Hold-Off to Prevent Data Overrun 

• Operates with DMA Controller 

• Serial and Parallel Polling Capability 

• Talk-Only or Listen^Only Capability 

• Selectable Automatic Features to Minimize Software 

• Synchronization Trigger Output 

• F6800 Bus Compatible 



Pin Names 




DB0-DB7 


Bidirectional Data Lines 


CS 


Chip Select Input 


R/W 


Read/Write Input 


RSo, RSi, RS2 


Register Select Inputs 


IRQ 


Interrupt Request Output 


RESET 


Chip Reset Input 


DMA GRANT 


DMA Transfer in Progress Input 


DMA REQUEST 


DMA Transfer Ready Output 


ASE 


Address Switch Enable Output 


IB0-IB7 


Bidirectional ASCII Bus 


DAG 


Bidirectional Data Accepted Line 


RFD 


Bidirectional Ready for Data Line 


DAV 


Bidirectional Data Valid Line 


ATN 


Attention Input 


IFC 


Interface Clear Input 


SRQ 


Service Request Output 


REN 


Remote Enable Input 


EOl 


Bidirectional End or Identify Line 


TRIG 


Group Execute Trigger Output 


T/Ri, T/R2 


Transmit/Receive Control Outputs 


E 


Enable Clock Input 


Vss 


Ground 


Vcc 


+ 5 V Power Supply 



Logic Symbol 
















25 18 16 17 36 


35 34 


33 32 31 


30 


29 






A 1 k 














EOl RFD DAV DAC IBq 


mi IB2 


IB3 IB4 IB5 


IBs 


IB7 




3 —0 


CS 












5 


R/W 












37 


RSo 








IRQ 


— 40 


38 


RSi 








ASE 


0— 4 


39 


RS2 




DMA REQUEST 


15 


19 —0 


RESET 


F68488 






SRQ 


3— 23 


2 


DMA GRANT 








TRIG 


— 24 


26 —0 


ATN 








T/Ri 


28 


21 —0 


IFC 








T/R2 


27 


22 — 


REN 












6 


E 














DBo DBi DB2 DB3 DB4 DB5 DBe DB7 










7 8 9 


10 11 


1 

12 13 14 








Vcc = Pin 20 
Vss = Pin 1 












Connection Diagram 
40-Pin DIP 
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39 
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csC 


3 




38 


URSi 








ASE C 


4 




37 
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R/wC 


5 




36 


:3'Bo 








EC 


6 




35 


3IB1 








DBoC 


7 




34 


13 'B2 








DBiC 


8 




33 
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DBzC 


9 




32 
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31 
30 
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D85C 


12 




29 
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DBfiC 


13 




28 


Zl T/Ri 








DByC 


14 




27 


:3T/R2 








DMA REQUEST C 


15 




26 


Z} ATN 








DAV C 


16 




25 


:3Eoi 








DAC C 


17 




24 


UfRJG 








RFD C 


18 




23 


::3sRQ 








RESET C 


19 




22 


13 REN 










VccC 


20 




21 


HiFC 










(Top View) 
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Functional Description 

The IEEE-488 instrument bus standard is a bit-parallel, 
byte-serial bus structure designed for communication to and 
from intelligent instruments. Using this standard, many' 
instruments may be interconnected and remotely and 
automatically controlled or programmed. Data may be taken 
from, sent to or transferred between instruments. A bus 
controller dictates the role of each device by making the 
attention (ATN) line true and sending talk or listen addresses 
on the instrument bus data lines; those devices that have 
matching addresses are activated. Device addresses are set 
into each GPIA from switches or jumpers on a pc board by a 
microprocessor as a part of the initialization sequence. 

When the controller makes the ATN line true, instrument bus 
commands may also be sent to single or multiple GPIAs. 

Information is transmitted on the instrument bus data lines 
under sequential control of the three handshake lines. No step 



in the sequence can be initiated until the previous step is 
completed. Information transfer can proceed as fast as the 
devices can respond, but no faster than the slowest device 
presently addressed as active. This permits several devices of 
different speeds to receive the same data concurrently. 

The GPIA is designed to work with standard 488-bus driver ICs 
to meet the complete electrical specifications of the IEEE-488 
bus. Additionally, a powered-off instrument may be powered-on 
without disturbing the 488 bus. With some additional logic, the 
GPIA could be used with other microprocessors. 

The F68488 GPIA has been designed to interface the F6800 
microprocessor with the complex protocol of the IEEE-488 
instrument bus. Many instrument bus protocol functions are 
handled automatically by the GPIA and require no additional 
MPU action. Other functions require minimum MPU response 
due to a large number of internal registers conveying 
information on the state of the GPIA and the instrument bus. 



Fig. 1. Functional Diagram 
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Fig. 2. F68488 GPIA Interface 
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GPIA/MPU Interface Signals 

The F68488 interfaces to the F6800 MPU with an 8'bit 

bidirectional Data Bus, a Chip Select, Read/Write line, RESET 
line, three Register Select lines, an Interrupt Request line, two 
DMA Control lines, and an Address Switch Enable line. 

GPIA Bidirectional Data (DB0-DB7) - The bidirectional data 
lines allow the transfer of data between the MPU and the GPIA. 
The data bus output drivers are 3-state devices that remain in 
the high-impedance (OFF) state except when the MPU 
performs a GPIA read operation. The Read/Write line is in the 
read state when the GPIA is selected for a read operation. 

GPIA Chip Select (CS) - This input signal is used to select 
the GPIA. The CS signal must be LOW for selection of the 
device. Chip select decoding will have to be accomplished with 
logic external to the chip. 



when used in conjunction with the Register Select lines, RSq, 
RSi, RS2. A HIGH state on the GPIA Read/Write line enables 
the selection of one of eight read-only registers when used in 
conjunction with the Register Select lines. 

GPIA Register Select (RSq, RSi, RS2) - The three register 
select lines are used to select the various registers inside the 
GPIA. These three lines are used in conjunction with the 
Read/Write line to select a particular register that is to be 
written to or read from. 7at>/e 1 shows the register 
select coding. 

Interrupt Request (IRQ) - The IRQ output goes to the 
common interrupt bus for the MP U. T his is an open drain 
output which is wire-ORed to the IRQ bus. The IRQ is set false 
(LOW) when an enabled interrupt occurs and stays false until 
the MPU reads from the interrupt status register. 



GPIA Read/Write Line (R/W) - This signal is generated by 
the MPU to control register access and direction of data 
transfer on the data bus. A LOW state on the GPIA Read/Write 
line allows for the selection of one of seven write-only registers 



RESET - The active-LOW RESET in put is us ed to initialize the 
device during power-on start-up. The RESET line will be driven 
by an external power-on reset circuit. 
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DMA Control Lines (DMA Grant, DMA Request) - The DMA 

Request line is used to signal waiting data when Byte In (Bl) 
Byte Out (BO) is set HIGH for a DMA controller. The DMA 
Request line is set HIGH if either the Bl or BO interrupt flag is 
set in the interrupt status register (ROW) and the corresponding 
bits in the interrupt mask register (ROR) are set true. The DMA 
Request line is cleared when the DMA Grant is made true. The 
DMA Grant line is used to signal the GPIA that the DMA 
controller has control of the MRU data and address lines. The 
DMA Grant line must be grounded when not in use. 

Trigger (TRId) - The TRIG pin provides an output 
corresponding to the GET and fget commands. A hardware or 
software reset places this output at a LOW level. The trigger 
output can be programmed HIGH by either of two methods: 

1 . Setting fget (bit of R3W) by the MRU causes the trigger 
output to be set. It remains set until the fget bit is programmed 
LOW or until a reset occurs. 

2. The trigger output is set upon reception of a GET command 
from the controller. It is reset when the GPIA moves out of the 
device trigger active state (DTAS); i.e., when GET, LADS, or 
ACDS occur. 

Address Switch Enable (ASE) - The ASE output is used to 
enable the device address switch 3-state buffers to allow the 
instrument address switches to be read on the MRU bus. 

Enable Input (E) - The E input is normally a derivative of the 
MRU </)2 clock. 



Table 1 Register Access 



RS2 


RSi 


RSo 


R/W 


Register Title 


Register 
Symbol 













Interrupt Status 


ROR 













Interrupt Mask 


ROW 












Command Status 


R1R 












Unused 







1 







Address Status 


R2R 





1 








Address Mode 


R2W 





1 






Auxiliary Command 


R3R 





1 






Auxiliary Command 


R3W 












Address Switch* 


R4R 












Address 


R4W 











Serial Poll 


R5R 












Serial Poll 


R5W 




1 







Command Pass-Through 


R6R 




1 








Parallel Poll 


R6W 




1 






Data-in 


R7R 




1 







Data-out 


R7W 



* External to F68488 
Fig. 3. Source and Acceptor Handshake 



F68488-GPIA/488 Interface Bus Signals 

The GPIA provides a set of 18 interface signal lines between 
the F6800 and the IEEE-488 Standard bus. 

Signal Lines (IB0-IB7) - These bidirectional lines allow for the 
flow of 7-bit ASCII interface messages and device- 
dependent messages. Data appears on these lines in a 
bit-parallel, byte-serial form. These lines are buffered by the 
transceivers and applied to the 488 bus (DIO-i-DIOq). 

Byte Transfer Lines (DAC, RFD, DAV) - These lines allow 
for proper transfer of each data byte on the bus between 
sources and acceptors. The RFD line goes passively true to 
indicate that all acceptors are read y for data. A source will 
indicate the data is valid by pulling DAV LOW. Upon the 
reception of valid data by all acceptors, DAC will go 
passively true to indicate that the data has been accepted 
by all acceptors. 



Bus Management Lines (ATN, IFC, SRQ, REN, EOl) - 

These lines are used to manage an orderly flow of information 
across the interface lines. 

Attention (ATN) - The ATN signal is sent true over the 
interface to disable current talkers and listeners, freeing the 
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signal lines (IB0-IB7). During the ATN active state, devices 
monitor the DIO-i -DIOs lines for addressing or an interface 
command. Data flows on the DIO-i -DlOe when ATN is 
inactive (HIGH). 

Interface Clear (IFC) - The IFC signal is used to put the 
interface system into a known quiescent state. 

Service Request (SRQ) - The SRQ signal is used to indicate a 
need for attention in addition to requesting an interruption in the 
current sequence of events. This indicates to the controller that 
a device on the bus is in need of service. 

Remote Enable (REN) - The REN signal is used to select one 
of two alternate sources of devices programming data, local, or 
remote control. 

END or identify (EOl) - The EOl signal is used to signal the 
end of a multiple byte transfer sequence and, in conjunction 
with ATN, executes a parallel polling sequence. 

Transmit/Receive Control Signals (T/Ri, T/R2) - These 
two signals are used to control the bus transceivers that drive 
the interface bus. It is assumed that transceivers equivalent to 
the F3447 or F3448 will be used, where each transceiver has a 
separate Transmit/Receive control pin. These pins can support 
one TTL load each. Th e outp uts can then be grouped as 
show n in F igure 1 with SRQ hardwired HIGH to transmit. The 
REN , IFC, and ATN lines are hardwired LOW to receive. The 
EOl line is controlled by T/Ri through th^ bus transceiver, 
allowmg it to transmit or receive. The T/Ri line operates exactly 
as T/R2, except during the parallel polling sequence. Dur ing 
parallel poll, EOl will be made an input by T/R-| while the DAV 
and IB0-IB7 lines are outputs. 

GPIA Internal Controls & Registers 

There are 15 locations accessible to the MRU data bus that are 
used for transferring data to control the various functions of the 
device and provide current device status. Seven of these 
registers are write-only and eight are read-only. The various 
registers are accessed according to the three least significant 
bits of the MRU address bus and the status of the Read/Write 
line. One of the 15 registers is external to the device, but an 
address switch register is provided for reading the address 
switches. Table 2 shows actual bit contents of each of 
the registers. 

Data-in Register R7R - The data-in register is an actual 8-bit 
storage register used to move data from the interface bus when 
the device is a listener. Reading the register does not destroy 
information in the data-out register. The DAC (data accepted) 
line will remain LOW until the MRU removes the byte from the 
data-in register. The device will automatically finish the 
handshake by allowing DAC to go HIGH. In RFD (ready for 
data) hold-off mode, a new handshake is not initiated until a 



command is sent allowing the device to release hold-off. This 
will delay a talker until the available information has 
been processed. 

Data-in Register (Read-Only) 



DI7 


Dl6 


D.5 


DI4 


DI3 


DI2 


Dh 


DIo 



DI0-DI7 - correspond to DIOrDIOs of the 488-1975 standard 
and IB0-IB7 of the F68488 

Data-Out Register R7W - The data-out register is an actual 
8-bit storage register used to move data out of the device onto 
the interface bus. Reading from the data-in register has no 
effect on the information in the data-out register. Writing to the 
data-out register has no effect on the information in the 
data-in register. 

Data-Out Register (Write-Only) 




D07 


DOe 


DO5 


DO4 


DO3 


DO2 


DO1 


DOo 



DO0-DO7 



correspond to^lOjL-DIOs of the 488-1975 
standard and IB0-IB7 of the F68488 



Interrupt Mask Register ROW - The interrupt mask register is 
a 7-bit storage register used to select the particular events that 
will cause an interrupt to be sent to the MRU. The seven 
control bits may be set independently of each other. If dsel (bit 
7 of the address mode register) is set HIGH, CMD (bit 2) will 
interrupt SPAS or RLC. If dsel is set LOW, CMD will interrupt 
on UACG, UUCG, and DCAS in addition to RLC and SPAS. 
The command status register R1 R may then be used to 
determine which command caused the interrupt. Setting GET 
(bit 5) allows an interrupt to occur on the Group Execute 
Trigger Command. The END bit (bit 1) allows an interrupt to 
occur if EOl is true (LOW) and ATN is false (HIGH). The APT 
bit (bit 3) allows an interrupt to occur indicating that a 
secondary address is available to be examined by the MRU if 
apte (bit of the address mode register) is enabled, listener or 
talker primary address is received, and a Secondary Command 
Group is received. A typical response for a valid secondary 
address would be to set msa (bit 3 of the auxiliary command 
register) and dacr (bit 4 of the auxiliary command register), 
releasing the DAC handshake. The Bl bit (bit 0) indicates that a 
data byte is waiting in the data-in register. Bl is set HIGH when 
the data-in register is full. The BO bit (bit 6) indicates that the 
data-out register is empty. BO is set when the data-out register 
is empty. The IRQ bit (bit 7) allows any interrupt to be passed 
to the MRU. 

Interrupt Mask Register (Write-Only) 



IRQ 


BO 


GET 


X 


APT 


CMD 


END 


Bl 



IRQ - Mask bit for IRQ Output 
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Table 2 Internal Register Contents 




Mnemonic 


Bit 


Register Name 


7 


6 


5 


4 


3 


2 


1 





Interrupt Mask Register 


ROW 


IRQ 


BO 


GET 




APT 


CMD 


END 


BI 


Interrupt Status Register 


ROR 


INT 


BO 


GET 




APT 


CMD 


END 


BI 


Command Status Register 


R1R 


UACG 


REM 


LOK 




RLC 


SPAS 


DCAS 


UUCG 


Unused 


R1W 


















Address Status Register 


R2R 


ma 


to 


lo 


ATN 


TACS 


LACS 


LPAS 


TPAS 


Address Mode Register 


R2W 


dsel 


to 


lo 




hide 


hida 




apte 


Auxiliary Command Register 


R3R 


Chip 


DAC 


DAV 


RFD 


msa 


rtl 


ulpa 


fget 




R3W 


RESET 


rfdr 


feoi 


dacr 


msa 


rtl 


dacd 


fget 


Address Switch Register 


R4R 


UD3 


UD2 


UDi 


AD5 


AD4 


AD3 


AD2 


ADi 


Address Register 


R4W 


Isbe 


dal 


dat 


AD5 


AD4 


AD3 


AD2 


ADi 


Serial Poll Register 


R5R 


Ss 


SRQS 


Se 


S5 


S4 


S3 


S2 


Si 




R5W 


S8 


rsv 


Se 


S5 


S4 


S3 


S2 


Si 


Command Pass-through Register 


R6R 


By 


Be 


B5 


B4 


B3 


B2 


Bi 


Bo 


Parallel Poll Register 


R6W 


PPR8 


PPR7 


ppRe 


PPR5 


PPR4 


PPR3 


PPR2 


PPRl 


Data-in Register 


R7R 


DI7 


Die 


DI5 


DI4 


DI3 


DI2 


Dh 


DIo 


Data-out Register 


R7W 


DO7 


DOe 


D05 


DO4 


DO3 


DO2 


DO1 


DOo 



BO - Interrupt on Byte Output 

GET - Interrupt on Group Execute Trigger 

APT - Interrupt on Secondary Address Pass-Through 

CMD - Interrupt on SPAS + RLC + dsel (DCAS + 
UUCG + UACG) 

END ~ Interrupt on EOi and ATN 

BI - Interrupt on Byte Input 

Interrupt Status Register ROR - The interrupt status register 
is a 7-bit storage register that corresponds to the interrupt 
nnode register with an additional bit, INT (bit 7). Except for the 
INT bit, the other bits in the status register are set regardless of 
the state of the interrupt mode register when the corresponding 
event occurs. The IRQ (MRU Interrupt) is cleared when the 
MPU reads from the register. The INT bit is the logical OR of 
the other six bits ANDed with the respective bit of ROW. 

Interrupt Status Register (Read-Only) 



INT 


BO 


GET 


X 


APT 


CMD 


END 


BI 



INT - Logical OR of all other bits in this register ANDed 
with the respective bits in the interrupt 
mask register 



BO - A byte of data has been output. 

GET - A Group Execute Trigger has occurred. 

APT - An Address Pass-Through has occurred. 

CMD - SPAS + RLC + dsel (DCAS + UUCG + UACG) 

has occurred. 
END - An EOl has occurred with ATN = HIGH. 
BI - A byte has been input. 

Serial Poll Register R5R/W - The serial poll register is an 
8-bit storage register that can be both written into and read 
from by the MPU. It is used for establishing the status byte that 
the device sends out when it is serial poll enabled. Status may 
be placed in bits through 5 and bit 7. Bit 6 rsv (r eques t for 
service) is used to drive the logic that controls the SRQ line on 
the bus telling the controller that service is needed. This same 
logic generates the service request state (SRQS) signal that is 
substituted in the bit 6 position when the status byte is read by 
the MPU IB0-IB7. In order to initiate an rsv (request for 
service), the MPU sets bit 6 trufe (generating a n rsv signal) and 
this in turn causes the device to ^juW down the SRQ line. The 
SRQS signal is the same as rsv when SPAS is false. Bit 6, as 
read by the MPU, will be the SRQS. 
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Serial Poll Register (Read) 



Ss 



SRQS 



S6 Ss 



S3 S2 



Address Mode Register (Write-Only) 



dsel 


to 


lo 


X 


hdle 


hdia 


X 


apte 



S1-S8 - status bits 

SRQS - Bus is in service request status state 

Serial Poll Register (Write) 



S8 


rsv 


S6 


S5 


S4 


S3 


S2 


Si 



S1-S8 - status bits 

rsv - Generate a service request 

Parallel Poll Register R6W - This register will be loaded by the 
MPU, and the complement of the bits in this register will be 
delivered to the instrument bus (IB0-IB7) during PPAS (Parallel 
Poll Active State). This register powers up in the PPO (Parallel 
Poll No Capability) state. The reset bit (auxiliary command 
register bit 7) will clear this register to the PPO state. 

The parallel poll interface function is executed by this device 
using the PP2 subset (Omit Controller Configuration 
Capability). The controller cannot directly configure the parallel 
poll output of this device. This must be done by the MPU. The 
controller will be able to configure the parallel poll indirectly by 
issuing an addressed command that has been defined in the 
MPU software. 

Parallel Poll Register (Write-Only) 



PP8 


PP7 


PPe 


PP5 


PP4 


PP3 


PP2 


PPi 



Bits delivered to bus during Parallel Poll Active State (PPAS) 

Register powers-up in the PPO state. 

Parallel Poll is executed using the PP2 subset. 

Address Mode Register R2W - The address mode register is 
a storage register with six bits for control: to, lo, hide, hida, 
dsel, and apte. The to bit (bit 6) selects the talker/listener and 
addresses the device to talk only. The lo bit (bit 5) selects the 
talker/listener and sets the device to listen only. The apte bit 
(bit 0) is used to enable the extended addressing mode. If apte 
is set LOW, the device goes from the TPAS (Talker Primary 
Address State) directly to the TADS (Talker Addressed State). 
If apte is set HIGH and the secondary address is valid, set msa 
true. The hIda bit (bit 2) holds off RFD (Ready for Data) on all 
data until rfdr is set true. The hide bit (bit 3) holds off RFD on 
EOl enabled (LOW) and ATN not enabled (HIGH). This allows 
the last byte in a block of data to be continually read as 
needed. Writing rfdr true (HIGH) will release the handshake. 



dsel - Configure for automatic completion of 

handshake sequence on occurrence of GET, 
UACG, UUCG, SDC, or DCL commands 

to - Set to talk-only mode 

lo - Set to listen-only mode 

hdle - Hold-off RFD on end 

hdIa - Hold-off RFD on all data 

apte - Enable the address pass-through feature 

Address Status Register R2R - The address status register 
is not a storage register, but is simply an 8-bit port used to 
couple internal signal modes to the MPU bus. The status flags 
represented here are stored internally in the logic of the device. 
These status bits indicate the addressed state of the 
talker/listener as well as flags that specify whether the device is 
in the talk-only or listen-only mode. The ma signal is true when 
the device is in: 

TAGS - Talker Active State 

TADS - Talker Addressed State 

LACS - Listener Active State 

LADS - Listener Addressed State 

SPAS - Serial Poll Active State 

ATN - Bit 4 contains the condition of the attention line 

Address Status Register (Read-Only) 




ma 


to 


lo 


ATN 


TAGS 


LACS 


LPAS 


TPAS 



ma - My address has occurred, 

to - The talk-only mode is enabled. 

lo - The listen-only mode is enabled. 

ATN - The Attention command is asserted. 

TAGS - GPIA is in the Talker Active State. 

LACS - GPIA is in the Listener Active State. 

LPAS - GPIA is in the Listener Primary Addressed State. 

TPAS - GPIA is in the Talker Primary Addressed State. 

Address Switch Register R4R - The address switch register 
is external to the device. There is an enable line (ASE) to be 
used to enable 3-state drivers connected between the address 
switches and the MPU. When the MPU addresses the address 
switch register, the enable line directs the switch information to 
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be sent to the MPU. The five least significant bits of this 8-bit 
register are used to specify the bus address of the device, and 
the remaining three bits may be used at the discretion of the 
user. The most probable use of one or two of the bits is for 
controlling the listen-only or talk-only functions. 

Address Switch Register (Read-Only) 



UD3 


UD2 


UDi 


AD5 


AD4 AD3 


AD2 ADi 



ADi -AD5 - Device Address 
UD1-UD3 - User Definable Bits 

When this register is addressed, the ASE pin is set to allow 
external address switch information to be read from a bus 
device. 

Address Register R4W - The address register is an 8-bit 
storage register. The purpose of this register is to carry the 
primary address of the device, The primary address is placed 
in the five least significant bits of the register. If external 
switches are used for device addressing, these are normally 
read from the address switch register and then placed in the 
address register by the MPU. 

The AD-i -AD5 bits (0 * 5) are for the device address. The Isbe 
bit (bit 7) is set to enable the dual primary addressing mode. 
During this mode, the device will respond to two consecutive 
addresses; one address with AD-| equal to and the other 
address with ADi equal to 1 . For example, if the device 
address is $0F, the dual primary addressing mode would allow 
the device to be addressed at both $0F and $0E. The dal bit 
(bit 6) is set to disable the listener and the dat bit (bit 5) is set to 
disable the talker. 



This register is cleared by the RESET input only (not by the 
reset bit of the auxiliary command register, bit 7). When AJN is 
enabled and the primary address is received on the IB0-IB7 
lines, the F68488 will set bit 7 of the address status register 
(MA). This places the F68488 in the TPAS or LPAS. 

When ATN is disabled, the GPIA may go to one of three states: 
TAGS, LACS or SPAS. 

Address Register (Write-Only) 



Isbe 


dal 


dat 


AD5 


AD4 


AD3 


AD2 


ADi 


Isbe 


- Enable dual primary addressing mode 




dal 


- Disable the listener 




dat 


- Dij 


sable th 


9 talker 











AD1-AD5 



Primary device address, usually read from 
address switch register 



Auxiliary Command Register R3R/W - Bit 7, reset, initializes 
the devi ce to the following states (reset is set true by external 
RESET input pin and by writing into the register from the MPU): 

SIDS - Source Idle State 

AIDS - Acceptor Idle St^e 

TIDS - Talker Idle State 

LIDS - Listener Idle State 

LACS - Listener Active State 

PPIS - Parallel Poll Idle State 

PUCS - Parallel Poll Unaddressed to Configure State 

PPO - Parallel Poll No Capability 

The rfdr (release RFD handshake) bit (bit 6) allows for 
completion of the handshake that was stopped by RFD (Ready 
For Data) hold-off commands hida and hide. 

The fget (force group execute trigger) bit (bit 0) has the same 
effect as the GET (Group Execute Trigger) command from the 
controller. (IEEE STD 488 p. 39.) 

The rtl (return to local) bit (bit 2) allows the device to respond to 
local controls and the associated device functions 
are operative. 

The dacr (release DAG handshake) bit (bit 4) is set HIGH to 
allow DAC to go passively true. This bit is set to indicate that 
the MPU has examined a secondary address or an 
undefined command. 

The ulpa (upper/lower primary address) bit (bit 1) will indicate 
the state of bit on the DIO1 -DIOs bus lines at the time the 
last primary address was received. This bit can be read but not 
written by the MPU. 

The msa (valid secondary address) bit (bit 3) is set true (HIGH) 
when TPAS (Talker Primary Addressed State) or LPAS 
(Listener Primary Addressed State) is true. The device will 
become addressed to listen or talk. 

The primary address must have been previously received. 

The RFD, DAV, and DAC (Ready for Data, Data Valid, and 
Data Accepted) bits assume the same state as the 
corresponding signal on the F68488 package pins. The MPU 
may only read these bits. These signals are not synchronized 
with the MPU clock. 

The dacd (data accept disable) bit (bit 1) set HIGH by the MPU 
will prevent automatic handshake on addresses or commands. 
The dacr bit is used to release the handshake. 



Register is cleared by RESET input pin only. 
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The f eoi ( forced end or identify) bit (bit 5) tells the devic e to 
send EOl LOW with the next data byte transmitted. The EOl 
line is then returned HIGH after the next byte is transmitted. 
NOTE: The following signals are not stored but revert to a 
false (LOW) level one clock cycle (MPU cf)2) after they are set 
true (HIGH): 

1. rfdr 

2. feoi 

3. dacr 

These signals can be written but not read by the MPU. 



Auxiliary Command Register 










reset 


rfdr 


feoi 


dacr 


msa 


rtl 


dacd 


fget 


W 


reset 


DAC 


DAV 


RFD 


msa 


rtl 


ulpa 


fget 


R 



reset - Initialize the chip to the following status: 

1 . All interrupts cleared 

2. Following bus states are in effect: SIDS, AIDS, TIDS, 
LIDS, LOGS, PPIS, PUCS, and PPO 

3. Bit is set by RESET input pin. 

DAC - Corresponds to Data Accepted signal on 
F68488 package pins 

DAV - Corresponds to Data Valid signal on 
F68488 package pins 

RFD - Corresponds to Ready For Data signal on 
F68488 package pins 

msa - If GPIA is in LPAS or TDAS, setting msa will 
force GPIA to LADS or TADS. 

rtl - Return to local if local lockout is disabled 

ulpa - State of LSB of the address received 
on the DI0-|_8 bus lines 

fget - Force Group Execute Trigger Command from 
controller has occurred. 

rfdr - Complete handshake stopped by RFD hold-off 

feoi - Set EOl true, clears after next byte transmitted 

dacr - MPU has examined an undefined command or 
secondary address. 

dacd - Prevents automatic handshake on addresses 
or commands 

Command Status Register R1R - The command status 
register flags commands or states as they occur. These flags 
or states are simply coupled onto the MPU bus from internal 
storage nodes. 



These are five major address commands. REM shows the 
remote/local state of the talker/listener. 

The RLC bit (bit 3) is set whenever a change of state of the 
remote/local flip-flop occurs and reset when the command 
status register is read. 

The DCAS bit (bit 1) indicates that either the device clear or 
selected device clear has been received, activating the device 
clear function. 

The SPAS bit (bit 2) indicates that the SPE command has been 
received, activating the device serial poll function. 

The UACG bit (bit 7) indicates that an undefined address 
command has been received and, depending on programming, 
the MPU decides whether to execute or ignore it. 

The UUCG bit (bit 0) indicates that an undefined universal 
command has been received. 

Command Status Register (Read) 




UACG 


REM 


LOK 


X 


RLC 


SPAS 


DCAS 


UUCG 



UACG - Undefined Address Command 

REM - Remote Enabled 

LOK - Local Lockout Enabled 

RLC - Remote Local State Changed 

SPAS - Serial Poll Active State is in effect. 

DCAS - Device Clear Active State is in effect. 

UUCG - Undefined Universal Command 

Command Pass-Through Register R6R - The command 
pass-through register is an 8-bit port with no storage. When 
this port is addressed by MPU, it connects the instrument data 
bus (iBo-TBy) to the MPU data bus DB0-DB7. This port can be 
used to pass commands and secondary addresses, that are 
not automatically interpreted, through to the MPU 
for inspection. 

Command Pass-Through Register (Read Only) 



B7 


Be 


B5 


B4 


B3 


B2 


Bi 


Bo 



An 8-bit port used to pass commands and secondary 
addresses to the MPU that are not automatically interpreted by 
the GPIA. 
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Absolute Maximum Ratings 

Voltage of any pin relative to ground -0.3 V, +7.0 V 
Operating Temperature (Ambient) O^C, +70°C 

Storage Temperature (Ambient) -55°C, +150°C 
Power Dissipation 1 W 



stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device 
reliablity. 



DC Characteristics Vcc = 5.0 V ±5%, Vss = 0, Ta = to +70°C, unless otherwise noted 


Symbol 


Characteristic 


MIn 


Typ 


Max 


Unit 


Condition 


V|H 


Input HIGH Voltage 


2.0 






V 




V,L 


Input LOW Voltage 






0.8 


V 




l|N 


Input Leakage Current 




1.0 


2.5 


/xA 


V|N = Oto 5.25 V 


'tsi 


3-State (OFF State) Input Current 
D0-D7 




2.0 


10 


/.A 


V|N = 0.4 to 2.4 V 


VOH 


Output HIGH Voltage 

D0-D7 

Other Outputs 


2.4 
2.4 






V 


'Load = -205 /uA 
'Load = -200 /uA 


Vol 


Output LOW Voltage 

D0-D7 

IRQ 






0.4 
0.4 


V 


'Load = 1-6 mA 
'Load = 3.2 mA 


•loh 


Output Leakage Current (OFF State) 
IRQ 




1.0 


10 


AiA 


VoH = 2.4 V 


Pd 


Power Dissipation 




600 




mW 




C|N 


Input Capacitance 

D0-D7 

All Other Inputs 






12.5 
7.5 


PF 


V,N = 0, Ta = 25°C, 
f = 1.0 MHz 


Gout 


Output Capacitance IRQ 






5.0 


PF 


V|N = 0, Ta = 25°C, 
f = 1.0 MHz 
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Bus Timing Characteristics 
Read (Figure 4) 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


tcycE 


Enable Cycle Time 


1.0 




25 


^s 


PWeh 


Enable Pulse Width, HIGH 


0.45 






^s 


PWel 


Enable Pulse Width, LOW 


0.43 






US 


tAS 


Set-up Time, Address and R/W Valid to Enable Positive Transistion 


160 






ns 


^DDR 


Data Delay Time 






320 


ns 


tH 


Data Hold Time 


10 






ns 


tAH 


Address Hold Time 


10 






ns 


tEr. tEf 


Rise and Fall Time for Enable Input 






25 


ns 


Write (Figure 5) 










tcycE 


Enable Cycle Time 


1.0 






fxS 


PWeh 


Enable Pulse Width, HIGH 


0.45 




25 


fJiS 


PWel 


Enable Pulse Width, LOW 


0.43 






ixs 


tAS 


Set-up Time, Address and R/W Valid to Enable Positive Transistion 


160 






ns 


tDSW 


Data Set-up Time 


195 






ns 


tH 


Data Hold Time 


10 






ns 


tAH 


Address Hold Time 


10 






ns 


tEr. tEf 


Rise and Fall Time for Enable Input 






25 


ns 



Fig. 4 Bus Read Timing Characteristics 

(Read Information from GPIA) 




Fig. 5 Bus Write Timing Characteristics 

(Write Information into GPIA) 



tAS- 



V3'"2.0V 



J 'V s^ 



U.-PWEU — 



X 



-tAH 



— -tH 






5-307 



Ordering Information 



Speed 



Order Code 



1.0 MHz 



F68488P,S 
F68488CP,CS 
F68488DL 
F68488DM 



F68488 



Temperature Range 



0°C to +70°C 
-40°C to +85°C 
-55°C to +85°C 
-55°C to +125°C 



1.5 MHz 


F68A488P,S 
F68488CP,CS 


0°C to 4-70°C 
-40°C to +85°C 


2.0 MHz 


F68B488P,S 


OX to +70°C 



P = Plastic package, S = CER-DIP package 
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7 F16000 MICROPROCESSOR FAMILY 
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SOFTWARE 



10 
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11 



RESOURCE AND TRAINING CENTERS 



12 



SALES OFFICES 



Section 6 
|3L Microprocessor Family 



Microprocessor Product 



General 

Fairchild has utilized bipolar Isoplanar Integrated 
Injection Logic (PL) VLSI proven technology to develop 
very fast 16-bit microprocessors. The F9445 is available 
now. Typical execution times for the F944520DM (20 MHz 
clock frequency over a -55°C to + 125°C operating 
temperature range) are: Add in 0.3 iis and a full 16 x 16 
bit in 3.5 /as. The high speed multiply and divide times of 
the F9445 make this device particularly well suited for 
real time control and signal processing applications. 

Since the F9445 has been implemented in bipolar 
injection logic, it maintains full high speed performance 
at high temperature. Thus, it is an excellent processor 
for use in harsh environments. The F9445 is available in 
either dual-in-line (DIP) or JEDEC chip carrier packages. 
The processor is available fully screened per MIL- 
STD-883 Method 5004. 

The F9445, which Is supported by a family of peripheral 
chips, can address up to 64K words of memory, directly 
address 62 I/O devices, handle 16 levels of priority 
interrupt, and perform fast direct memory access. It 
supplies the signals necessary for operation in 
multiprocessor environment, and supports minicomputer- 
like console functions, including internal self-testing. 
The support devices, like the processor, are Implemented 
in bipolar I^L technology; their operating temperature 
range Is also -55<'C to -i- 125°C. 

Fairchild provides a full range of design support for the 
F9445 16-bit processor. The Fairchild System-I (FS-I) 
Microprocessor Development Station provides a means 
for developing F9445 software. This system is fully 
supported by the IMDOS operating system. High level 
language compilers are currently available In FORTRAN 
and PASCAL, and in the future DOD Standard JOVIAL 
J73. The EMUTRAC option to the FS-I provides full in- 
circuit emulation and tracing of the F9445 system; it also 
provides simultaneous and interactive hardware and 
software development and debugging. 

A complete F9445 microcomputer Is available in the 
PEP-45. This powerful single board microcomputer is an 
excellent approach to becoming familiar with the F9445 
family. The PEP-45 is useful as development tool, 
prototyping device, or as a standalone microcomputer. 
The PEP-45 has two serial I/O ports, onboard EPROM 
programmers, and meets IEEE bus standards. 

Fairchild is currently developing the F9450 16-blt 
microprocessor. This bipolar I^L VLSI device implements 
the full MIL-STD-1750A Instruction Set Architecture in a 
single monolithic microprocessor. 



Instruction Set 

Each 16-blt F9445 instruction word is divided into 
smaller sections, or fields, that specify the operation 
code and related actions, the CPU register conditions 
and registers, and the I/O device codes, and that derive 
memory location effective addresses. 

The instruction set consists of the following types of 
instructions: 

1. Arithmetic and logic instructions 

2. Memory reference Instructions 

3. Stack manipulation instructions 

4. I/O Instructions 

5. Control instructions 

The F9445 instruction set is shown on the following 
pages. The assembly-language format of each 
instruction Is shown on the left, followed by the name of 
the Instruction and a symbolic description of Its action. 
The corresponding bit pattern for each Instruction is 
shown on the right side of the page. 

Assembly-language mnemonics and binary 
representations for instruction optional parts (within 
square brackets) and accumulator codes, to be inserted 
at the indicated places In the instructions, are shown 
following each group of instructions. 

The required separator, indicated in the assembly- 
language formats by a square (D), may be entered as 
any number or combination of space or tab characters or 
a comma for the macro-assembler; the separator must 
be a single space for the F9445 PEPBUG program. 
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I^L Microprocessor 
Families 



Descriptions 

Following is data that describes the members of the 
F9445 microprocessor family. 



16-BiT |3L BIPOLAR MICROPROCESSOR FAMILY ORGANIZATION 



F9445 

16-BIT BIPOLAR 

MICROPROCESSOR 



F9443 

FLOATING POINT 
PROCESSOR 



F9444 

MEMORY MANAGEMENT 

AND PROTECTION UNIT 



F9446 

DYNAMIC 

MEMORY CONTROLLER 



F9447 

I/O BUS 

CONTROLLER 



F9448 

PROGRAMMABLE 
MULTIPORT 
INTERFACE 



F9449 

MULTIPLE DATA 
CHANNEL CONTROLLER 



F9470 

CONSOLE 

CONTROLLER 



F9450 

SINGLE-CHIP 

BIPOLAR MICROPROCESSOR 



F9451 

MEMORY 

MANAGEMENT UNIT 



F94S2 

BLOCK PROTECT 

RAM 
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F9445 Instruction Set 
Memory Reference Instructions 



JMPa[@] displacement [,index] 

Jump. Jump to effective address. 

JSRD[@] displacement [,index] 

Jump to Subroutine. Jump to subroutine 
at effective address: then return to 
PC saved in AC3. 






1 


2 


3 


4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 

















@ 


INDEX 


DISPLACEMENT 





1 


2 


3 


4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 














1 


@ 


INDEX 


DISPLACEMENT 



ISZD[@] displacement [,index] 

Increment and Skip if Zero. Increment 
(EA); if zero, skip next instruction, 

DSZD[@] displacement [,index] 

Decrement and Sl<ip if Zero. Decrement 
(EA); if zero, skip next instruction. 

LDADAC, [@] displacement [,index] 

Load Accumulator. (EA) — AC. 

STADAC, [@] displacement [,index] 

Store Accumulator. AC -* (EA). 

LDBDACs, ACd, 

Load Byte. (Byte Pointer) - ACd s-is, 
— ACd 0-7; LSB of byte pointer 
in ACs selects high-order byte if 0, 
low-order byte if 1. 






1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 











1 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 











1 1 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 








1 


AC 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


16 





1 





AC 


@ 


INDEX 


DISPLACEMENT 





1 


2 


3 4 


5 


6 7 


8 


9 


10 11 12 13 


14 


15 





1 


1 


ACd 





1 


AC 


s 








1 



STBDACs, ACd 

Store Byte. ACd 8-15 ^ (Byte Pointer). 






1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 


12 


13 


14 


15 





1 


1 


ACd 


1 








ACs 

















1 



Effective Address Codes 



Mnemonics 




Bits 






@ 


Index 


5 


6 




Effective Address 


Omitted 













EA = D; direct page zero 


Omitted 


1 










EA = CA + 0; relative to PC 


Omitted 


2 





1 




EA = AC2 + D; indexed by AC2 


Omitted 


3 





1 




EA = AC3 + D; indexed by AC3 


@ 





1 







EA = ( D i; indirect through page zero 


@ 


1 


1 







EA = (CA + Di; indirect relative to PC 


@ 


2 


1 


1 




EA = ( AC2 + Di; indirect relative to AC2 


@ 


3 


1 


1 




EA = ( AC3 + D>; indirect relative to AC3 



Notes 

D = Displacement; specified as absolute in current radix or relative via mnemonics. 

CA = Current address or PC-1. 

EA = Effective address. . 

iXXi = Contents of location XX, e.g. EA = Contents of effective address. 

@ =: Indirect address bit. 

Byte Pointer 1 32K= 16 bits of ACs. 

Byte Pointer i64K i = 17 bits of Carry and ACs; upper 32K accessed 

when Carry = 1 , lower 32K when Carry = 0. 
D = Required separator. 



Accumulator Codes 





Bits 




Mnemoriic 


8 9 


AC 








ACO 


1 


1 


AC1 


2 


1 


AC2 


3 


1 1 


AC3 



Relative Displacement 



Mnemonic 


Meaning 


.+D 
.-D 


Current location 
plus displacement 
Current location 
minus displacement 



Note 

D = Displacement in current radix. 
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F9445 instruction Set 
Arithmetic and Logic instructions 

COM[carry][shift][#]DACs, ACd [,sl(ip] 

Complement. AGs -* ACd. 

NEG[carry][shift][#3nACs, ACd [,sl<ip] 

Negate. —AGs -* ACd; affects 
Carry and Overflow flags. 

MOV[carry][shift][#]nACs, ACd [,sl(ip] 

Move. ACs - ACd. 

lNC[carry][shift][#]DACs, ACd [,si(ip] 

Increment. ACs + 1 -* ACd; 
affects Carry and Overflow flags. 

ADC[carry][shift][#]aACs, ACd [,si(ip] 

Add Complement. 
ACs + ACd - ACd; 
affects Carry and Overflow. 






1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 




AGs 


AGd 











SHIFT 


GARRY 


# 


SKIP 




1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 




AGs 


AGd 








1 


SHIFT 


GARRY 


# 


SKIP 




1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 




AGs 


AGd 





1 





SHIFT 


GARRY 


# 


SKIP 




1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 




AGs 


AGd 





1 


1 


SHIFT 


GARRY 


# 


SKIP 




1 2 


3 4 


5 


6 


7 


8 9 


10 11 


12 


13 14 15 




AGs 


AGd 


1 








SHIFT 


GARRY 


# 


SKIP 



SUB[carry][shiftK#PACs, ACd [,sl(ip] 

Subtract. ACd — ACs -* ACd; 
affects Carry and Overflow. 

ADD[carry][shift][#pACs, ACd t,sl(ip] 

Add. ACs + ACd -ACd; 
affects Carry and Overflow. 

AND[carry][shift][#]DACs, ACd [,sl(ip] 

And. ACs A ACd - ACd. 






1 2 


3 4 


5 


6 




8 9 


10 11 


12 


13 14 15 


1 


AGs 


AGd 


1 







SHIFT 


GARRY 


# 


SKIP 





1 2 


3 4 


5 


6 




8 9 


10 11 


12 


13 14 15 


1 


AGs 


AGd 


1 


1 




SHIFT 


GARRY 


# 


SKIP 





1 2 


3 4 


5 


6 




8 9 


10 11 


12 


13 14 15 


1 


AGs 


AGd 


1 


1 




SHIFT 


GARRY 


# 


SKIP 



Base Carry Values 



Sliift Operation 





Bits 


Carry Value 


Mnemonic 


10 11 


Used as Base 


Omitted 





Current Carry 


Z 


1 


Zero 





1 


One 


c 


1 1 


Complement of 
current Carry 



Load/No-Load Condition 



Mnemonic 


Bit 12 


Operation 


Omitted 

# 




1 


Load result 
in destination 
accumulator 
Do not load 
result 



Mnemonic 


Bits 
8 9 


Function 


Omitted 
L 
R 
S 




1 

1 
1 1 


No shift 
Left rotate 
Right rotate 
Swap bytes 



SIcip Condition Codes 



Note 

# = Load/No-Load bit. 

D = Required separator. 

A No-Load"No Skip instruction is interpreted as a trap if the Trap Enable flip-flop is set. 







Bits 






Mnemonic 


13 


14 


15 


Skip Condition 


Omitted 











Do not skip 


SKP 








1 


Always skip 


SZC 





1 





Skip if zero Carry 


SNC 





1 


1 


Skip if non-zero Carry 


SZR 


1 








Skip if zero result 


SNR 


1 





1 


Skip if non-zero result 


SEZ 


1 


1 





Skip if either Carry or result zero 


SBN 


1 


1 


1 


Skip if both Carry and result non-zero 
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F9445 Instruction Set 

Arithmetic and Logic Instructions (Continued) 

ORDACs, ACd 

Or. AGs V ACd - ACd. 



MUL 



MULS 



DIV 



Unsigned Multiply. ACO + 
(AC1 X AC2) - ACO, AC1. 



Signed Multiply. ACO + 
(AC1 xAC2)- ACO, AC1. 



Unsigned Divide. (ACO, AC1 )/ 
AC2, quotient- AC1, 
remainder — ACO; Carry 
and Overflow = 1 if overflow 
occurs, Carry = if not. 








2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


ACs 


1 


1 


1 


ACd 
























2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


1 





1 


1 





1 


1 
























2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


1 


1 


1 


1 





1 



























2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


1 





1 


1 








1 




















DiVS 



Signed Divide. (ACO, ACI )/AC2, 
quotient -* ACI, remainder — ACO; 
Carry and Overflow = 1 if overflow 
occurs. Carry = if not. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 


1 


1 


1 


























1 



NORM 



Normalize. Move the 32 bits in 
(ACO, ACI ) to the left until high-order 
bit of ACO = 1; number of steps 
required is subtracted from AC2; 
affects Overflow flag. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 





1 


1 

















1 



SLLD 



Shift Logically Left. Shift the 32 
bits in (ACO, ACI ) logically left 
n times; zeroes shifted to LSB 
of ACI ; n is contents of AC2 
(1 <n<31). 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 


























1 



SALD 



Shift Arithmetically Left. Shift the 
32 bits in (ACO, AC1 ) to the 
left n times; zeroes shifted 
to LSB of ACI; set Overflow 
flag on first sign change; n is 
contents of AC2 (1 < n < 31). 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 


























1 



SLRD 



Shift Logically Right. Shift the 
32 bits in (ACO, ACI ) logically 
right n times; zeroes shifted 
to MSB of ACO; n is contents 
of AC2 (1 <n<31). 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 





1 




















1 
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F9445 Instruction Set 

Arithmetic and Logic Instructions (Continued) 

SARD 

Shift Arithmetically f?/g/7f. Shift the 
32 bits in (AGO, AC1 ) arithmetically 
to the right n times; the 
MSB (sign) of AGO is extended; n 
is contents of AG2 ( 1 < n < 31 ). 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 


1 








1 

















1 



SKNV 



Skip on Not Overflow. Skip next 
instruction if Overflow = 0; then 
reset Overflow flag to 0. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 





1 


1 

















1 



Stack Instructions 

PSHADAC 

Push Accumulator. SP + 1 - SP, 
AG-(SP). 



POPADAC 



PSHF 



POPF 



POPJ 



PSHR 



Pop Accumulator. (SP) — AG, 
SP-1 - SP. 



Push Flags. SP + 1 - SP. PSW - (SP). 



Pop Flags. (SP) - PSW, SP-1 - SP. 



Pop PC andJump. (SP) - PG, 
SP-1 - SP 



Push Return Address. SP + 1 - SP, 
GA + 2- (SP). 



TOPRDAC 

Read Top of Stack. (SP) - AG. 

TOPWDAC 

Write Top of Stack. AG - (SP). 

JWITSPDAC 

Move to Stack Pointer. AG - SP. 



1 


2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


AC 





1 

























1 


2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


AC 





1 




1 




















1 


2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


1 





1 










1 

















1 


2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


1 





1 





























1 


2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


1 





1 







1 
























2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


1 





1 







1 


1 













P 







2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 




1 


1 


AC 





1 




1 


1 





















2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 







1 1 


AC 





1 







1 





















1 2 


3 


4 


5 


6 




8 


9 


10 




12 


13 


14 


15 





1 1 


AC 





1 













p 
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F9445 Instruction Set 

Stack Instructions (Continued) 

MFSPDAC 

Move From Stack Pointer. SP -- AC. 



MTFPDAC 



Move to Frame Pointer. AC -^ FP. 



MFFPaAC 



SAV 



Move From Frame Pointer. FP ^ AC. 



Save. Push the 5-word return block 
(AGO, AC1, AC2, FP [Carry*, AC3i-i5|) 
on stack, then load FP and ACS 
with contents of SP. 








2 


3 4 


5 


6 


7 


8 


9 


10 


11 


■'2, 


13 


14 


15 







1 


AC 





1 





1 




















1 







2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


AC 
































1 







2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 


AC 











1 




















1 







2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 







1 





1 





1 























1 



RET 



Return. SP is loaded with contents of 
FP, then the 5-word return block is 
popped to (Carry*, PC1-15), FP, AC3, 
AC2, AC1, and ACO, respectively. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 








1 





1 


1 




















1 



DSP 



Decrement Stack Pointer. SP-1 -* SP. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


1 





1 


1 





1 




















1 



Notes 

SP = Stack Pointer 

FP = Frame Pointer 

PSW = Progrann Status Word 

CA = Current Address i PC-1 ) 

*ln 64K-word mode, Carry bit is not involved in SAV and RET and is 

replaced by AC3o and PCo, respectively. 



I/O Instructions 



NIO[*]ndevice 

No Data Transfer. 



SKPHD device 

Skip on Busy /Done Flags. Skip next 
instruction if Busy/Done meets test 
condition. 






1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


X 


X 











* 


DEVICE CODE 





1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 


1 


X 


X 


1 


1 


1 


■ 


DEVICE CODE 



DIA[*]n AC, device 

Data In From Register 4. A — AC. 



10 11 12 13 14 15 



1 1 


AC 


1 


* 


DEVICE CODE 
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F9445 Instruction Set 

I/O Instructions (Continued) 

DOA[*]D AC, device 

Data Out to Register A. AC - A. 

DIB[*]a AC, device 

Data In From Register B. B-^ AC. 

DOB[*]a AC, device 

Data Out to Register B. AC - B. 

DIC[*]a AC, device 

Data In From Register CO- AC. 

D0C[4r]D AC, device 

Data Out to Register C. AC - C. 






1 2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 1 


AC 





1 





* 


DEVICE CODE 


1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 


1 


1 


AC 





1 


1 


* 


DEVICE CODE 


1 


2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 


1 


1 


AC 


1 








* 


DEVICE CODE 





1 2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 1 


AC 


1 





1 


* 


DEVICE CODE 





1 2 


3 4 


5 


6 


7 


8 9 


10 


11 12 13 14 


15 





1 1 


AC 


1 


1 





* 


DEVICE CODE 



Note 

Device code = any number in the current radix (octal only for PEPBUG 45' between and 77 
octal except reserved codes and 1, also may be the following standard mnemonics lor other 
user-defined mnemonics with the macro-assembler i: 



* Busy/Done Control Codes 



■Busy/Done Test Codes 





Bits 




Mnemonic 


8 


9 


Operation 


Omitted 








Does not affect Busy and Done flags 


S 





1 


START the device by setting Busy = 1 
and Done = 


C 


1 





CLEAR both Busy and Done to and 
idle the device 


P 


1 


1 


PULSE the device. Its effect depends 
on device 



Notes 

X = Don't care. 
* = Busy/done control code. 
■ = Busy/done test code. 
D = Required separator. 



Mnemonic 


Bits 
8 9 


Test Condition 


BN 
BZ 
DN 
DZ 




1 
1 




1 

1 


Busy is Non-Zero 
Busy is Zero 
Done is Non-Zero 
Done is Zero 



Device Code Symbols 



Mnemonic 


Octal 


Meaning 


TTI 


10 


TTY input 


TTO 


11 


TTY output 


PTR 


12 


Reader 


PTP 


13 


Punch 


RTC 


14 


Real-time clock 


LPT 


17 


Line printer 


SMS 


61 


SMS disk drive 


CPU 


77 


Console 



Refer to "Control Instructions" 
regarding use of device code 77. 
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F9445 Instruction Set 



Control Instructions 
INTEN 



INTDS 



Interrupt Enable. 1 - INTON; 
allows one more instruction to be 
executed before 1 — INTON. 
Alternate assembler format: 
NIOSDO, CPU 

Interrupt Disable. - INTON. 
Alternate assembler format: 
NIOCDO, CPU 



READSDAC 

Read Console Switch Register. 
SW - AC. 

Alternate assembler format: 
DIA DAC, CPU 



INTADAC 



Interrupt Acknowledge. The device 
code of the highest priority device 
requesting interrupt is loaded to 
bits 10-15 of AC. 
Alternate assembler format: 
DIB DAC, CPU 






2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


1 


X 


X 














1 




1 


1 


1 


1 


1 





2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


1 


X 


X 











1 







1 


1 


1 


1 


1 





2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


1 


AC 








1 










1 


1 


1 


1 


1 





2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


1 


AC 





1 


1 










1 


1 


1 


1 


1 



MSKODAC 



Mask Out. Enables specific 
devices to request interrupts. 
Alternate assembler format: 
DOB DAC, CPU 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


AC 


1 














1 


1 


1 


1 


1 


1 



lORST 



I/O Reset. Clear busy/done 
and interrupt enable flags of 
all I/O devices. 
Alternate assembler format: 
Dice DO, CPU 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 





1 


1 





1 


1 


1 


1 


1 


1 



HALT 



Halt the Processor. Only console 
operations are recognized. 
Alternate assembler format: 
DOC DO, CPU 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 


1 











1 


1 


1 


1 


1 


1 



SKPBD CPU 



Skip on Interrupt-On Flag. Skip 
next instruction if the INTON flag 
fulfills the specified test conditions. 






1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 


12 


13 


14 


15 





1 


1 


X 


X 


1 


1 


1 


■ 


1 


1 


1 


1 


1 


1 



WAIT 



Wait for Interrupt. Console, 
interrupt, and data channel 
request are recognized. 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 


1 





1 


1 


1 


























1 
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F9445 Instruction Set 

Control Instructions (Continued) 

TRAP 

Trap. CA - 468, (478) -- PC. 



ETRP 



DTRP 



E64K 



D64K 



Enable Trap Instruction. Default 
state by MR. 



Disable Trap Instruction. 



Enable 64K-words mode. 



Disable 64K-words mode. 
Default state by MR. 



8 9 10 11 12 13 14 15 



1 


X X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 














1 2 


3 




5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 1 


1 




1 


1 








1 






















1 2 


3 




5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 1 


1 




1 


1 





1 


1 






















1 2 


3 




5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 1 







1 


1 








1 






















1 2 


3 




5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 





1 1 







1 


1 





1 














d 








Most of the Control instructions are a subset of I/O 
instructions using device code 77 octal ("all Is," 
nnnemonic: CPU ); in device code 77 instructions, the 
Busy/Done control affects the Interrupt-On flag instead 
of the Busy and Done flags. Use of the Control 
mnemonics sets the Interrupt-On flag (via bits 8 and 9) 

* Interrupt-On (INTON) Control Codes 



Mnemonic 


Bits 
8 9 


Operation 


Omitted 
S 
C 
P 




1 

1 
1 1 


No effect 
Set INTON := 1 
Reset INTON = 
No effect 



as shown; however, with READS, INTA, MSKO, lORST 
or HALT, the alternate I/O mnemonics, which are shown 
for each instruction, may be used to control the 
Interrupt-On flag according to the "Interrupt-On Control 
Codes" table. 



I Interrupt-On (INTON) Test Codes 



Mnemonic 


Bits 
8 9 


Test Condition 


BN 
BZ 
DN 
DZ 




1 

1 
1 1 


Skip on INTON = 1 
Skip on INTON = 
Reserved 
Reserved 



Notes 

X = Don't care. 
* = Interrupt-On Control. 
■ = Interrupt-On Test. 
D = Required separator. 
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F9443 

Floating-Point Processor 



Advance Product Information 



Microprocessor Product 



Description 

The F9443 Floating-Point Processor is designed to 
provide enhancement to the numeric capabilities of 
16-bit microprocessors by providing a set of floating- 
point instructions. It can interface with the F9445, F9450 
or any other standard 16-bit microprocessor, and it uses 
the microprocessor memory to directly fetch the required 
operands. It has eight general-purpose registers on-chip 
and supports all the basic functions with on-chip 
microcode. Use of additional off-chip microcode read- 
only memories (ROMs) provides extended capabilities. 
Figure 1 is a block diagram of the F9443. 

Circuit Description 

The F9443 includes special hardware to provide fast 
algorithms for the basic functions. This hardware 
includes full-carry look-ahead for add and subtract 
(ADD/SUB) functions, receding logic for multiply and 
square root functions, and partial-remainder-prediction 
logic for divide functions. An advanced control scheme 
provides a 2-level microcode/nanocode control with off- 
chip microcode expansion. The off-chip microcode can 
be programmable ROM (PROM) or random-access 
memory (RAM), with easy expansion for fast 
implementation of user algorithms. 



Full IEEE SP D DX Floating-Point Standard Support 

(80 Bits) 

Fast Algorithms for Add, Subtract, Multiply, Square 

Root, and Divide Functions 

Support for Full Set of Trigonometric Exponential and 

Logarithmic Functions 

Expandable Instruction Set That Can Include Macro 

Operations (e.g.. Vector rotate, Fourier Transform, 

Array and Matrix Applications) 

User-Alterable Microcode for User Functions 

Support of Integer Decimal and Logical Functions 

Standard 64-Pin Package 

I^L® High Speed Bipolar Logic 

Low-Power Schottky-Compatible I/O 

Very Fast Execution Times 

Interface to Any 16-Bit Microprocessor 




Operation of the F9443 can proceed In parallel with the 
host processor to maximize throughput. Multiple F9443s 
can be connected to the host processor for array 
processing or other high-speed applications. 



Figure 1 9443 Block Diagram 



^YSTEM BUsN 



INSTRUCTION 
REGISTER 



MICROCODE 
ROM 



NANOCODE 
ROM 



16.BiT 




16.BIT 


ARITHMETIC 




ARITHMETIC 


AND LOGIC 




AND LOGIC 


UNIT 




UNIT 



8 X 40 
RAM 



/^ LOCAL BUs\ 



32BIT 

ARITHMETIC 

AND LOGIC 

UNIT 



(OPTIONAL) 

EXTERNAL 

MICROCODE 

ROM 



(OPTIONAL) 

EXTERNAL 

RAM 



® I'L is a registered trademark of Fairchild Camera and Instrument 
Corp. 
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F9443 



6-14 



F9444 

Memory Management 

and Protection Unit 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9444 programmable Memory Management 
and Protection Unit (MMPU) is designed to support 
complex multi-user and large single-user environments. 
With four F93422 bipolar static random-access memories 
(RAMs) serving as map memory, the F9444 expands the 
physical address space of the F9445 16-bit 
microprocessor to 2M words by performing logical-to- 
physlcal address translation. That is, the six most 
significant bits (MSBs) of the logical address are 
translated into 11 physical address bits, leaving the 10 
least significant bits (LSBs) of the logical address 
unchanged. The memory thus consists of 21 bits (10 LSB 
and 11 MSB), or 4 megabytes. System integrity is 
maintained by access protection bits associated with 
each page. Any violation causes non-maskable interrupt 
to the F9445 central processing unit. Page-written (PW) 
and page-referenced (PR) bits permit the implementation 
of demand-paging algorithms. Figure 1 is a functional 
diagram of the MMPU. 

• Standard Input/Output (I/O) Instruction Format 

• Ability to Implement Demand-Paged Virtual Memory 
System 

• Ability to Access Up to 2M Words of Memory 

• 2K Pages, With 1K Words for Each Page 

• Memory Expansion Through Mapping and Demand 
Paging 

• Controls for Memory Mapping 

• Separate RAMs for Storing Maps 

• Access and I/O Protection to Maintain System 
Integrity 

• Special Status Bits for Read/Write Protection, 
Demand Paging, and I/O Protection 

• Support for Two User and Two Data Channel Maps 

• Low-Power Schottky-Compatible I/O 

• Single -i- 5 V Power Supply 

• 64 Pin Dual-in-Line Package (DIP) 

• PL® Technology 



Connection Diagram 
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® PL is a registered trademark of Fairchiid Camera and Instrument 
Corp. 
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Maps 

The MMPU allows two user maps and two data channel 
nnaps to reside in map memory. Each data channel map 
contains 32 1K-word pages and each user map either 32 
or 64 1K-word pages that can be relocated anywhere in 
memory. The two user maps and two data channel maps 
function independently. Only one user map can be 



enabled at a time, but both data channel maps are 
enabled at the same time. The supervisor determines 
whether the mapping of program address and data 
channel address are to be enabled at the same time. If 
either user mapping or data channel mapping is 
disabled, the physical address space for that function is 
equal to the logical address space and only the lowest 
64K words can be accessed. 



Signal Functions 



Figure 1 F9444 Functional Diagram 
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16-Bit Bipolar IVIicroprocessor 



Microprocessor Products 



Description 

The F9445 is a 16-bit microprocessor implemented using 
Fairchild's Isoplanar Integrated Injection Logic (PL®) 
technology. This bipolar technology and a sophisticated 
pipeline architecture combine to give the F9445 very fast 
execution times. The processor has eight program- 
accessible registers and the capability of directly addres- 
sing 128K bytes (64K words) of memory. Up to 4M bytes of 
physical memory may be accessed using the F9454 mem- 
ory management unit. The F9445 can address 62 I/O de- 
vices, handle 16 levels of priority interrupt, and perform 
fast direct memory access. It has control lines to provide 
operator-console functions and has an on-chip self-test 
program. The F9445 CPU is supported with a comprehen- 
sive family of LSI support circuits to permit cost and per- 
formance effective usage in high-performance microcom- 
puter systems. The support circuits include the F9446 
Dynamic Memory Controller, F9447 I/O Controller, F9448 
Programmable Multiport Interface, F9449 Multiple Data 
Channel Controller, F9454 Memory Management Unit and 
F9470 Console Controller. It is also supported with a 
library of software packages, including editors, debuggers, 
macro-assembler, relocating loader, real-time executive, 
interactive multi-user disk operating system and utilities, 
as well as high-level languages: FORTRAN, BASIC and 
PASCAL. 

• Advanced Parallel Architecture Leading to Very Fast 
Execution Times— 250 ns Register to Register, 2.9 /^s 
16 X 16 Bit Multiply 

• Directly Addresses up to 128K Bytes of Memory 
witti 11 Addressing Modes 

• Eight Program-Accessible Registers (AGO, AC1, AC2, 
AC3, SP, FP, PC, PSW) 

• Versatile Instruction Set Including Memory 
Reference, ALU, i/0. Stack, Multiply/Divide, and 
Floating Point Assist (Scale/Normalize) Instructions 
with 8-Bit Byte, 16-Bit Word or 32-Bit Double-Word 
Data 

• Multi-Processing Capabilities 

• Flexible Operator-Control Functions and Self-Test 

• Static Operation with Single Clock up to 24 MHz 

• LS TTL Input/Output Structure with i^L Internal 
Circuits 

• 40-Pin DIP Needing a Single + 5 V Power Supply 

• Full Military Temperature and Voltage Ranges 

• Radiation-Tolerant Technology 

• Comprehensive Family of Support Circuits 
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Absolute Maximum Ratings 

Beyond these ratings useful life of the device may be 
impaired. 

Storage Temperature -65to+150°C 

Ambient Temperature Under Bias -55 to + 1 25°C 

Vcc Pin Potential to Ground Pin -0.5 to +6.0 V 

Input Voltage (dc) -0.5 to +5.5 V 

Input Current (dc) -20to+5mA 

Output Voltage (Output HIGH) -0.5 to +5.5 V 

Output Current (dc) (Output LOW) +20 mA 

Injector Current (I,nj) +600 mA 

Injector Voltage (V,Nj) -0.5to +1.5V 
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Fig. 1 F9445 Functional Diagram 
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Architectiire 

The F9445 microprocessor comprises three main blocks: 
the data path, the control unit, and the timing generator. 

Data Path 

The data path is 16 bits wide and is responsible for all the 
processing of data and address in the system. In many 
cases, data and address may be processed simultaneously. 

The data path includes the following blocks (see Figure 1): 
Register File (ACO, AC1, AC2, ACS, SP, FP) 
Program Counter (PC) 

Program Status Word or Status Register (PSW contain- 
ing: Carry, Overflow, 32KW, ETRP flags) 
Interrupt-On Flip-Flop (INTON) 
Destination Mux 
Source Mux 
16-Bit ALU 
17-Bit Shifter 

5-Bit Counter (for multicycle instructions) 
Bus Register Mux 
Bus Register 
Bus Mux and Buffer 
Incrementer 

Control Unit 

The operations of the data path components are governed 
by the pipelined, microprogrammed control unit. This unit 
comprises three main elements (see Figure 7): the PLA 
(control store) to contain the microprogram, the pipeline 
register (microprogram register) to latch the micro- 
instruction executed in the current cycle, and the instruc- 



tion register to supply additional control bits during certain 
instructions. In addition, the control unit has a machine in- 
struction pre-fetch mechanism which overlaps the fetching 
of the next instruction from memory during execution of 
short-cycle instructions, such as arithmetic-and-logic (ALU) 
instructions. This pre-fetch capability and the micropro- 
gram pipeline give the F9445 very fast and efficient instruc- 
tion execution. 

Timing Generator 

The timing generator produces the system timings for the 
F9445 internal registers, memory, I/O, and console. 

The clock is divided on-chip using a 3-bit twisted ring coun- 
ter. The divide ratio is 6:1 or 4:1, depending on whether a 
short or long cycle is required. The long cycle can be 
extended indefinitely by lowering the inputs BUSGNT, 
RDYA, or RDYD. These signals hold the processor in state 
SI (using BUSGNT or RDYA) or S3 (using RDYD) until the 
inputs are raised. 

The twisted ring counter is also used to generate all the 
strobes by a combinational decode of its outputs and cer- 
tain bits of the microprogram register. 

Signal Descriptions 

All F9445 inputs and outputs are TTL. 

Information Bus 

IBo through IB15, Pin^ll through 26 — 16-bit Bus — Active 
LOW bidirectional; IBo is most significant bit; address valid 
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with STRBA strobe; data valid with STRBD strobe; 3-state 
during data-channel and non-bus cycles. 

Timing and Status 

SYN, Pin 7 — Synchronize Output — Active every cycle; 
may be used for external synchronization of memory and 
I/O control. 



STRBD, Pin 6 — Data Strobe — Active LOW output; active 
only during memory, I/O, console, or data-channel cycles; 
used as strobe for data. 



STRBA, Pin 5 — Strobe Memory Address Register — Active 
LOW output; active only during normal memory cycles; not 
active during write portion of read-mod ify-write cycles 
(DSZ, ISZ, STB instructions and auto-increment/decrement 
addressing modes); used as strobe for external address 
register; active on I/O cycles when I/O instruction is output 
onto bus. 

M, Pin 36 — Memory or I/O Function — Active LOW output. 
Oi, Pin 35 — Memory or I/O Function — Active HIGH output. 
Oo, Pin 34 — Memory or I/O Function — Active HIGH output; 
these pins indicate the type of bus transfer as shown in the 
following table. 





IVI Oi Oo 


Function 


Memory 



1 
1 
1 1 


Instruction Fetch 

Operand 

Indirect Address 

Address Save on interrupt, abort, 

and trap 


I/O 


1 
1 1 

I 1 

II 1 


Input or Output 
Data Channel Acknowledge 
Read Console Code 
Console Data 



If a skip is taken on an arithmetic-and-logic (ALU) instruc- 
tion, the next instruction is fetched but not executed. In 
such fetches, the M and O lines will indicate the following 
states. 



M Oi Oo 




1 



state Indicated 



SO through S4 
S5 



write or output operati on; 3-sta te during data-channel cy- 
cles and short cycles (BUSREQ is HIGH). 

RDYD, Pin 8 — Data Ready — Active HIGH input; used to 
synchronize external devices with the F9445 during data 
transfer; a LOW level halts the processor. 

RDYA, Pin 4 — Address Ready — Active HIGH input; main- 
tains address on bus when LOW. 

RUN, Pin 37 — Run Status — Active HIGH output; LOW 
when in halt state. 



CARRY, Pin 39 — Carry Status - 
of carry bit. 



-Active HIGH output; copy 



INTON, Pin 27 — Interrupt-On Status — Active HIGH out- 
put; copy of Interrupt-On flag; HIGH when interrupts en- 
abled. 



-Single-phase clock; 



CLK, Pin 40 — Clock Input - 
positive-edge triggered. 

Arbitratio n 

BUSREQ, Pin 38 — Bus Request — Active LOW output; in- 
dicates that a bus cycle is required; useful in multi- 
microprocessor system. 




BUSLOCK, Pin 2 — Bus Lock — Active LOW open collector 
output; set during read portion of read-mod ify-write cycles 
(on DSZ, ISZ, STB, and auto-increment/decrement), reset 
during write portion of those cycles; used in multi- 
microprocessor system. 

BUSGNT, Pin 3 — Bus Grant — Active HIGH input; used for 
multi-microprocessor operation; a LOW level inhibits ad- 
dress output and halts the processor. 

Service Request 

The order of priority of requests and interrupts, fro m high- 
est to lowest, is as f ollows: M R, ABORT, D CHREQ, Stack 
Overflow Interrupt, INTREQ, and CONREQ. 

MR, Pin 33— Master Reset — Active LOW input; a LOW 
level causes the processor to enter a wait state after com- 
pleting the next full cycle; if that cycle is a write, it is inhi- 
bited (changed to read); sets the F9445 to 32K mode with 
trap enabled. 



During machine cycle s that do not use the bus, the M and 
O lines will be "111". BUSREQ and the bus strobes are in- 
active in these cycles. 

W, Pin 1 — Write Output — Indicates direction of data flow; 
HIGH indicates a read or input operation; LOW indicates a 



DCHREQ, Pin 29 — Data Channel Request — Active LOW 
input; initiates data-channel cycles while LOW after current 
instruction. Must occur before TDRH (c). 



CONREQ, Pin 28 — Console Request— Active LOW input; 
initiates a console operation after current instruction. 
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INTREQ, Pin 30 -— Interrupt Request — Active LOW input; 
initiates entry to interrupt procedure, if interrupts are en- 
abled, after the current instruction. 



Fig. 2 F9445 Register Model 



ABORT, Pin 32 — Abort — Active LOW input; initiates abort 
sequence in the current microcycle. 

Power 

Vcc, Pin 31 — Power Supply — Requires +5 V. 

GND, Pin 9 — Ground. 

liNj, Pin 10 — Injection Current Input — Operates in 
200-400 mA range at approximately 1 V; requires > 350 mA 
for maximum speed. 

Register Set 

The F9445 has eight user-accessible registers (see Figure 2), 
including seven 16-bit registers and a program status word 
(PSW) containing the following four flags: carry (bit 0), 32KW 
(bit 1 ), trap enable (bit 2), and overflow (bit 15). The carry 
flag (C) indicates the state of the carry bit during arithmetic 
and logic operations. The 32KW flag indicates whether the 
processor is operating in the 32K-word ("1") or 64K-word 
("0") mode. The trap enable/disable flag (ETRP) indicates 
whether the trap instruction is enabled ("1") or disabled ("0"). 
The overflow flag (V) indicates twos-complement overflow in 
arithmetic operations. 

In addition, there is an interrupt-on (INTON) flag. The CPU 
responds to interrupt requests from external I/O devices 
when the flag is set ("1"). When it is clear ("0"), all inter- 
rupt requests are ignored by the CPU. The state of the flag 
can be altered by the Interrupt-Enable or Interrupt-Disable 
instruction. 

The seven 16-bit registers comprise a program counter 
(PC) that sequences the execution of instructions, four 
general-purpose accumulators (ACO through AC3), the 
stack pointer (SP) and the frame pointer (FP). The program 
counter sequences the execution of instructions. It holds 
the address of the next instruction to be executed and is 
automatically incremented to fetch instructions from con- 
secutive memory locations. A Skip, Jump, Jump-to- 
Subroutine, or Trap instruction, an interrupt generated by 
an I/O device or an Abort can alter the sequential execution 
of instructions. 

The four accumulators serve as source and destination reg- 
isters for 16-bit arguments in arithmetic-and-logic instruc- 
tions which process the contents of the source accumu- 
lators and a base value for the carry flag and store the 
16-bit result in the destination accumulator. The associated 
carry and overflow flags are set or cleared depending on 
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the result of the ALU operation as the base value of carry. 
Accumulators AC2 and ACS also serve as index registers 
during memory addressing operations. In addition, AC3 
functions as a subroutine linkage register, and the pair AGO 
and AC1 are used as a 32-bit register in the multiply/divide 
and the normalize and parametric double-shift instructions. 

The other two 16-bit registers serve as temporary storage 
and as the stack pointer (SP) and frame pointer (FP) in the 
stack manipulation instructions. The stack pointer contains 
the address of the top of the stack, i.e. the last word 
"pushed" onto the stack which is also the first word that 
may be "popped." The frame pointer contains the address 
of the highest location In a block of five words on the 
stack, a "frame," containing program status information 
used to return from a subroutine (see Figure 3). 

The frame pointer is updated by the Save and Return in- 
structions which are intended to be the first and last in- 
structions, respectively, executed by a subroutine. When a 
Jump-to-Subroutine instruction is executed, the value 
PC+1 (and the value of the carry bit In 32K-word mode 
only) is stored in AC3. The Save instruction then pushes 
five key words onto the stack in the following order: first, 
the contents of AGO; second, the contents of AG1 ; third, 
the contents of AG2; fourth, the value of FP before the 
Save; and fifth, the contents of AG3. At this point, SP 
points to the top of the frame (which Is the current top of 
the stack), and that address becomes the new value of FP. 
This new value of FP is also placed in AG3. When a Return 
Instruction is executed, the five words stored in the frame 
referenced by FP are used to restore accumulators AGO 
through AC2 to their values at the time preceding the Save. 
FP is restored to its previous value (pointing to the last 
previously saved five-word frame) and PG is loaded with 
the return address which had been placed in AG3 by the 
previous Jump-to-Subroutine and pushed onto the stack by 
the previous Save. The restored value of FP is also placed 
in AG3 by the Return instruction. 

Information may also be moved between SP or FP and any 
of the four accumulators by the instructions MTFP, MFFP, 
MTSP, and MFSP without affecting the source register of 
the move or any of the registers not specified with the in- 
struction. This allows setting up multiple stacks whose 
pointers are saved in main memory when not in use. 

Addressing Ranges and Modes 

The F9445 memory reference instructions support two ad- 
dress ranges and a variety of addressing modes. These 
modes include direct/indirect addressing which may be ab- 
solute, PG-relative, or indexed by AG2 or AG3. Additional 
addressing modes include auto-increment, auto- 
decrement, and address via stack and frame pointers. The 



two address ranges in which the F9445 can operate are 
128K-byte (64K-word) or 64K-byte (32K-word) logical ad- 
dress space. The F9445 master resets to the 64K-byte 
(32K-word) address range. The 128K-byte (64K word) 
address range can be enabled or disabled under program 
control. 

64K-Byte (32K-Word) Address Range 

After the master reset is activated or the D64K instruction is 
executed, the F9445 operates in the 64K-byte (32K-word) 
address range. In this mode of operation, it uses 15-bit ad- 
dresses to fetch up to 32K words from the memory and 
uses either the least-significant sixteenth bit to select high 
or low byte of the word in the byte instructions or the 
most-significant sixteenth bit to specify the remaining 15 
bits of the word as an indirect address in multi-level indi- 
rect addressing instructions. 

In the Load-Byte (LDB) and Store-Byte (STB) instructions, a 
16-bit accumulator Is specified as the byte pointer. The I 
most significant 15 bits of the byte pointer are treated as 
the logical address of the word containing the byte which 1 
the least significant bit specifies, selecting the high (if "0") 
or low (If "1") byte of the word. 

The remaining memory reference instructions specify ef- 
fective addresses of 16-bit words via various (11) addres- 
sing modes described below. 

Page Zero In this mode the instruction provides 

an 8-bit absolute address to access 
the first 256 words (page zero) of 
memory. 

PG Relative In this mode the instruction provides 

an 8-bit twos-complement signed 
number which is added to the pro- 
gram counter to access 128 loca- 
tions below and 127 locations above 
the address specified in the program 
counter. 

Indexed by AG2 In these two modes the instruction 

(or AG3) provides an 8-bit twos-complement 

signed number which is added to 
AG2 (or AG3) to access 128 locations 
below and 127 locations above the 
address specified in the accumulator. 

The memory reference instruction may specify any of the 
above four memory addressing modes to be either direct or 
indirect. For direct addressing, the effective address com- 
puted using the eight address bits of the instruction is the 
final address of the target word to be stored or retrieved. 
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For indirect addressing, the effective address computed 
from the eight address bits of the instruction is used to 
fetch a 16-bit word that supplies the address of the target 
word. If the most significant bit of this word is "0", the 15 
least significant bits provide the address of the target word. 
However, if the most significant bit of this word is "1", this 
specifies a further level of indirect address. In that case, 
the 15 least significant bits refer to the address of another 
word which could provide the final address of the target, 
depending on whether its most significant bit is "0" or "1". 
Thus, multiple levels of indirect addressing continue until a 
word is fetched with a most significant bit of "0". Such 
multiple levels of indirect addressing are only allowed in 
the 32K-word address range operations. 

The next two types of addressing modes are the auto- 
increment and auto-decrement modes. When locations 20 
through 27 (octal) are indirectly addressed, the auto- 
increment mode is activated: the contents of the specified 
location are first incremented and stored back and this 
new value is treated as the effective address (which can, in 
turn, be either direct or indirect). Locations 30 through 37 
(octal) are used as auto-decrement locations in a similar 
manner. 

The last type of addressing is stack addressing in which 
the address of the memory reference is derived from the 
stack pointer. 

128K-Byte (64K-Word) Addressing Range 

After the E64K instruction is executed, the F9445 starts 
operating with the 128K-byte (64K-word) addressing range. 
In this range, the F9445 uses 16-bit addresses to fetch up 
to 64K words from the memory and supports all the 11 ad- 
dressing modes described previously. However, only one 
level of indirect addressing is allowed — the one specified 
in the instruction — since with 16-bit addresses there are 
no bits available in the words fetched to indicate further 
indirect addressing. 

The byte pointer is also different in the 128K-byte 
(64K-word) case compared to the 64K-byte (32K-word) 
case. The 64K-word range byte pointer is 17 bits wide and 
is composed of the carry flag and the 16-bit accumulator 
specified in the LDB or STB instruction. The value of the 
least-significant bit of the 17-bit word selects the high (if 
"0") or low (if "1") byte of the word to be loaded or stored. 

Instruction Set 

The F9445 has fixed-length instructions, each of which is 
16 bits long and divided into several fields. The fields are 
used to specify the operation code and other related ac- 
tions, to define conditions and specify the CPU registers 
containing arguments, to define I/O device codes, and to 



provide the displacements for the calculation of effective 
addresses of memory locations. 

The whole instruction set can be divided into five broad 
groups: 

Memory Reference Instructions 
Arithmetic-and-Logic Instructions 
Stack Manipulation Instructions 
I/O Instructions 
Control Instructions 

The Memory Reference instructions modify the contents of 
memory locations, alter program execution sequence, and 
move operands between the accumulators and memory lo- 
cations. The contents of accumulators and the carry and 
overflow flags are processed by the Arithmetic-and-Logic 
instructions. The Stack instructions manipulate the regis- 
ters and the memory in stack-associated operations. The 
I/O instructions effect data transfers between the accu- 
mulators and I/O devices. The Control instructions modify 
or interrogate the state of the CPU and operator console, 
performing such actions as controlling the status of the 
interrupt-on flag and reading the status of the console 
switch register. 
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input/Output Operations 

Input/output devices can transfer data to the F9445-based 
microcomputer via: 

Programmed I/O using the I/O instructions of the F9445, 

Memory-mapped I/O using the load/store instructions of 
the F9445, or 

Direct memory access or data-channel transfers. 

For programmed I/O, the device consists of up to three 
(minimum one) bidirectional 16-bit device registers, de- 
noted as A, B, and C, and three 1-bit flags: Busy, Done and 
Interrupt Disable (see Figure 4). The 2-bit status word com- 
prised of Busy and Done represents one of up to four pos- 
sible states of the device, viz. idle, busy, partially done and 
completely done (refer to Device Status Flags subsection). 
The F9445 I/O instructions allow data transfers between 
any of the accumulators (AGO through AC3) and any of the 
device registers (A through 0), and can test and set the 
Busy, Done and Interrupt-Disable flags. 



The F9445 can transfer the contents of any accumulator to 
an I/O device by executing a Data-Out instruction. It can 
load data from an I/O device into any accumulator by 
executing a Data-in instruction. To test the status of an I/O 
device, the F9445 can execute a Skip-On-Status instruc- 
tion.The I/O cycle has the same timing as the memory cycle 
(see Figures 13 and 14). Features of the I/O cycle are: 

■ 250 ns ( at 24 MHz system clock) minimum cycle time 

■ Cycle time can be extended using RDYA, RDYD 

■ I/O inst ruction is output at address time 

■ STRBA is used to latch the I/O instruction 

■ STRBD is used to strobe the data 

■ O lines indicate the type of cycle as follows: 



M 0, Op W 



I/O Input Execute 
Instruction Fetch 
I/O Output Execute 
Interrupt Save 



10 1 
1 
10 
110 



The I/O devices can interrupt the normal flow of the 
program by using the common interrupt request line 




Fig. 4 I/O Device Model 
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Instruction Decode 

An I/O instruction in the F9445 system comprises several 
fields as shown in Figure 5. This format accommodates 
data transfers between a CPU accumulator and any one of 
up to three bidirectional registers in any one of 62 I/O de- 
vices. Bits 10 through 15 are coded to represent device 
codes 00 through 76 (octal). The all "1s" device code, 77 
octal, is reserved for CPU control instructions and should 
not be assigned to any unique I/O device; for similar rea- 
sons, device code 1 is also reserved; by convention, device 
code is not used. 



Fig. 5 Input/Output Instruction Fields 
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Bits 3 and 4 specify the address of any accumulator in- 
volved in an I/O instruction. When no accumulator is in- 
volved; both bits are ignored. The function bits 5, 6, and 7 
define the I/O operation to be performed. Bits 8 and 9 con- 
trol or test the status of the device busy and done flags. 

The eight standard I/O instructions were listed 
previously in the instruction set description of the 
introduction to this section. The No-Input/Output (NIO) 
instruction is a "no data transfer" instruction that can 
be used to set the busy and done flags as required, by 
attaching the appropriate flag-setting mnemonic. The 
F9445 executes a "dummy" data out transfer. The status 
of a device's busy and done flags is tested by executing 
a Skip (SKP) instruction that causes a specific I/O device 
to put its busy and done flag states on lines IBq and IB^ 
of the common information bus. If the flag state 
satisfies the condition specified by the busy/done flag- 
testing mnemonic appended to SKP, the CPU skips the 
next instruction. The remaining six standard I/O 
instructions first move data between an accumulator and 
any one of the device registers A, B, or C. After the 
transfer is completed, the busy/done flags are set as 
specified in the I/O instruction. 

There are three I/O instructions that are common to all I/O 
devices: Interrupt-Acknowledge, Mask-Out, and Clear-l/0- 
Devices. The device code for these three instructions is 
77 (octal). 

When the F9445 executes the I/O instruction, the M and 
lines will indicate an I/O operation ("100"). The O lines are 
valid on the rising edge of SYN. The device address 
(bits 10-15) must be decoded by each device on the I/O 
bus. Transf ers of i nformation to and from the F9445 are 
timed with STRBD in the same way as the memory cycle. 

At the address time, the F9445 outputs the I/O instruction 
on the information bus. This can be used to generate I/O 
signals on systems without an I/O controller. STRBA is 
generated and can be used to latch the I/O instruction ex- 
ternally. The interrupt-disable, busy and done flags or- 
ganize interrupt-d riven program-controlled I/O operations. 
The CPU controls the interrupt-disable flag. Both the CPU 
and the device can control the busy and done flags. 



Device Status Flags 

Interrupts from a device are disabled when the interrupt- 
disable flag of the device is set to "1". Interrupts are 
enabled when the flag is clear. Interrupt requests are gen- 
erated whenever the device sets the done flag. 

During programmed I/O, the interrupt-disable flag is nor- 
mally set to disable interrupts, and the busy and done flags 
define the status of the device for the CPU. The busy and 
done flag states are coded to represent the indicated de- 
vice conditions, as follows. 



Busy 


Done 


Device State 



1 


1 




1 
1 


Device idle 

Device busy 

Device completely done 

Device partially done 



The sequence of I/O transactions is normally dictated by 
the speed at which the device can communicate with the 
CPU. If the CPU operates at a higher speed than a device, it 
enters a wait loop between each I/O transaction with the 
device. During execution of the loop, the CPU repeatedly 
monitors the busy or done flag to determine when the de- 
vice is ready for the next I/O operation. 

During an output operation, one instruction stores data in 
the desired device register and places the device in the 
busy state. The CPU then enters a wait loop which termi- 
nates when the device has cleared busy and set done to 
signal readiness for the next output operation. 

To initiate an input transaction, the device sets the done 
flag. One instruction reads data from the appropriate de- 
vice register and places the device in the busy state. The 
CPU then enters a wait loop which terminates when the 
device has cleared busy and set done to indicate that it has 
the next data ready. 
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Interrupts 

The Interrupt request, INTREQ, line Is common to all I/O 
devices. When the device completes an I/O operation, it 
should set the done flag. Concurrently, If the device Is 
ena bled to I nterrupt, It should assert the active LOW on 
the INTREQ line. The processor responds to the Interrupt 
request after completing execution of the current 
Instruction. It then clears the interrupt-on flag so no 
further Interrupts can be started, saves PC (which points 
to the next instruction) in location 0, and executes a 
"jump-lndirect-to-location-1" instruction to jump to the 
Interrupt service routine. Location 1 should contain the 
address of the Interrupt routine or an indirect address to 
the routine. The F9445, when interrupted, can check for 
the source of the interrupt in two ways: 

It can test the state of the done flags in the various de- 
vices, one by one, by executing Skip-on-Done instruc- 
tions; or 

It can test the state of the I/O devices by executing the 
Interrupt-Acknowledge instruction, causing the device 
that had sent an interrupt request to respond by placing 
Its device code on bits 10 through 15 of the information 
bus. 

As several devices can request interrupt simultaneously, 
device priority may be established in a daisy-chain fashion 
by a physical connection of a serially propagated signal, 
Interrupt Priority. The first device requesting an interrupt 
and having its Interrupt-Priority-ln line HIGH has priority, 
and it answers the Interrupt-Acknowledge instruction, at 
the same time blocking the propagation of the interrupt- 
priority signal by putting its Interrupt-Priority-Out line in a 
LOW state. 

The interrupt-priority signal is generated in the device hav- 
ing the highest priority. The F9445 can disable the interrupt 
system in each I/O device by placing a mask on the infor- 
mation bus while executing the Mask-Out instruction. 

Each bit in the mask is assigned to a specific device. When 
that bit is "1", the interrupt system is disabled. A "0" in 
that bit enables the device. 

After servicing a device, the routine should restore the pre- 
interrupt states of the accumulators and carry, turn on the 
interrupt, and jump to the interrupted program. The 
instruction that enables the interrupt sets interrupt on 



(INTON), but the flag has no effect until the next instruction 
begins. Thus, after the instruction that turns the interrupt 
back on, the processor always executes one more instruc- 
tion (assumed to be the return to the interrupted program) 
before another Interrupt service can start. If the service 
routine allows interrupts by higher priority devices, the 
routine should turn off the interrupt, before dismissing as 
indicated above, to prevent further interrupts during dis- 
missal. In dismissing, the routine should re-enable lower 
priority devices. 



The interrupt request input INTREQ is negative-level 
sensitive and is synchronized in the processor. Externally, 
interrupt requests may be latched with the leading edge of 
SYN. The interrupt request may be reset by the external I/O 
controller from a decode of the I/O instruction INTA. 

The F9445 recognizes two other types of interrupts: 

Abort In terrupt — This is activated by the active LOW of the 
ABORT input. The processor responds by: 

Aborting the instruction being executed, 
Storing the address of the aborted instruction in loca- 
tion 46 (octal), and 
Jumping indirect to location 47 (octal). 

Stack Overflow interrupt— This Is an internal interrupt 
caused when the stack overflows; i.e., when a stack 
operation (PSHA, PSHF, PSHR, SAVE, TOPW) writes over 
a page boundary (mod 256). This in terrupt is of higher 
priority than the external interrupt (INTREQ); the 
processor responds, at completion of the current 
instruction by: 

Clearing the interrupt-on flag (to "0"), 

Storing the updated program counter in location 0, and 

Jumping indirect to location 3 (octal). 

The interrupt-save cycle follows the interrupt. It can be ex- 
ternally detected by the code "01 1" on the O lines and 
used, for example, to switch an external mapper to non- 
mapped mode. 

The order of priority of req uest s and interrupts, fro m high- 
est to lowest, is as f ollows: MR, ABORT, D CHREQ, Stack 
Overflow Interrupt, INTREQ, and CONREQ. 
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Data Channel 

The data channel has three methods of operation with the 
F9445: 

Data-channel cycle with F9445 controlling the memory, 
Data-channel cycle with external memory control, and 
Autonomous-bus cycle using bus arbitration scheme. 

The sequence of events during a data-channel cycle is as 
follows: 



1. DCHREQIsset. 

2. F9445 res ponds by setting M, d, and Oo to "101" and 
BUSREQ to "1". This is recognized externally as Data- 
Channel Acknowledge and can be used to reset 
DCHREQ if it is the last data-channel cycle required. 



3. F9445 3-states the bus and sends STRBA. 

4. The external logic must supply an address at this time. 
The address time can be extended with RDYA. 



5. F9445 outputs STRBD. 

6. The controller transmits or receives the data-channel 
data and responds with RDYD, concluding the cycle. 

Console Operation 

Console operation allows examination and modification of 
the F9445 internal registers without executing programs in 
main memory. This is very useful for system diagnostics 
even when the memory or I/O part of the microcomputer 
system is not fully functional. 

Upon request for console operation, the processor will 
execute one of a number of console operations depending 
on a console code on the information bus (see Figure 6). 
This facilitates the connection of an external console for 
monitoring and test purposes. The following sequence is 
used to execute a console operation: 



3. The processor sets the M and O lines to "110" (console 
code in). 

4. In response to the M and lines being set to "110", the 
console logic supplies a code on the information bus 
corresponding to the desir ed oper ation, which is 
selected onto the bus with STRBD. 



5. The console logic resets CONREQ. 

6. The processor executes the console operation. 

7. The processor may read or write data from the console 
switches or console lamps. In this case, the M and O 
lines are set to "111" (console data). In most cases, the 
processor halts after the console operation by entering 
a Wait state. The exceptions are Continue and APL. 

Console logic can be implemented in three levels of 
simplicity: 



No Console Code — If a CONREQ is generated and no 
console code supplied, the default bus value ("0") will 
cause the processor to execute APL. This sets the PC to 
-1, then starts normal execution. This is the minimal con- 
sole operation required. 

Limited Console Operation — A subset of operations can 
be arranged with a 2-bit console code. These operations 
are APL, Test, Continue, and Halt. 

Full Console Operation — A 9-bit code (see Figure 6) de- 
fines the full set of console operations. Single-Step is not 
implemented directly, but can be arranged using Continue: 
first, the Continue operatio n is speci fied; after the first in- 
struction is fetched, a new CONREQ is generated and the 
operation is changed to Halt. 



1. CONREQ is set LOW. 



2. The processor finishes the current instruction. 
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Fig. 6 Console Codes 
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Bus Arbitration 

The F9445 contains three signals that allow more than one 
processor to share a common bus: 



BUSREQ— This is LOW at the beginning of every cycle in 
which the F9445 requires use of the bus. 

BUSGNT— When LOW, it is used to halt the processor in- 
dicating the bus is unavailable. 



BUSLOCK — This indicates that the current bus cycle and 
the following bus cycle from the processor must not be in- 
terrupted by a cycle from another processor. 



The BUSLOCK signal has two purposes. One purpose is to 
prevent the external memory address register from being 
overwritten during those instructions that rely on the ad- 
dress remaining in this register. The other purpose is to 
provide a method of synchronizing separate software tasks 
using a standard semaphore system. An external arbiter is 
required to determine which processor has access to 
the bus. 

Applications 



iscarrying address or data, respectively. The M signal 
(M = LOW) indicates that a memory cycle is taking place 
on the bus, while the W signal indicates whethe r the opera- 
tion is a read or write. The timing of the STRBD Is shorter 
for a write operation, to allow positive hold time for the 
memories. The signal RDYD may be held LOW to stretch 
the memory cycles for slow memories. 

A typical scheme is shown in Figure 7. This diagram shows a 
4K X 16 static RAM configuration (2114-type 1K x 4). The 
bus is buffered by a 74240 inverting 3-state buffer. Buffering 
is optional and depends on fan-out requirements of the 
memories. The buffer is normally connected for output, but 
is connected for input w hen necessary by a simple decode 
of the M, W and STRBD lines. 




An address latch (74533) is clocked with STRBA. The 
memory address is decoded from these outputs and forms 
the chip-select (CS) inputs to the RAM. 

A shift register (74164) provides a time delay for RDYD for 
slow memories. An alternative for this would be a one-shot 
(9602). Fast memories do not require RDYD delayed. 



Static Memory Interface 

The F9445 bus structure allows easy connection of static 
memory. Both address and data are multiplexed onto the 
16-bi t inform atio n busIB (o.i5). The mutually exclusive sig- 
nals STRBA and STRBD indicate that the information bus 
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Input/Output 

The F9445 I/O can utilize a simple scheme similar to the 
memory connection. To take full advantage of standard 
F9445 I/O instructions, however, I/O instructions must be 
externally decoded. An F9445 support circuit (F9448, 
F9447, F9470) can be used for this purpose. 

To implement standard F9445 I/O without the support cir- 
cuits mentioned above requires external logic. This can be 
implemented with an FPLA (93459). Table 1 illustrates the 
PLA for I/O. 



Table 1 I/O PLA Listing 

*A LLLLLLLL 

*P 00 *l --L-LLLHLHL--HLL T AAA 

*P 01 *l --L-HLLHLHL--LHL *F AA 

*P 02 *l --L-LLLLHHL--HLL *F A-A 

*P 03 *l -HH L *F A-A 

*P 04 *l --L-LLLLHHL--LHL *F A 

*P 05 *l -LH L *F A 

*P 06 *l --L-LLLLHHL--LLH *F AA- 

*P 07 *l --L-LLLLHHL--LHH *F A- 

*P 08 *l --L-LLLLLHL--LHL *F A-- 

*p 09 *l H HHH T A 

*P 10 *l --L-LLLHLHL--HHH *F --AAA 

*P 11 *l --L-HLLHLHL--HHH T AA 

*P 12 *l --L-LLLLHHL--HHH *F --A-A 

*P 13 *l --L-LLLLHHL--HHL T --A-A 

*P 14 *l --LHLLLHLHLLH *F -AAAA 

*P 15 *l --LHHLLHLHLLH *F -A-AA 

*P 16 *l --LHLLLLHHLLH *F -AA-A 

*P 17 *l --LHLLLLHHLHH *F -A--A 

*P 18 *l --LHLLLHLHLHL *F -AAA 

*P 19 *l --LHHLLHLHLHL T -A-A 

*P 20 *l --LHLLLLHHLHL *F -AA 

*P 21 *l --L-HHHHHHH--HLH *F --AA 

*P 22 *l --L-HHHHHHH--HHL *F A 

*P 23 *l --L-HHHHHHH--LLH T --A 

*P 24 *l --L-HHHHHHH *F A 

Key for Table 1: 

*A = Active level of outputs 
*P = Product term number 

*l = Inputs 
*F = Outputs 

- = Don't care 

H = High level 

L = Low level 

A = Active 



The schematic (see Figure 8) shows a DART connection. 
The FPLA decodes the instructions and produces outputs 
from three multiplexers (74138). Spare outputs on these 
multiplexers can be used to drive other I/O devices. 

Busy, done, mask and Interrupt latches for both input and 
output are implemented. The baud rate generator (4702) is 
programmable for baud rates from 1 10 to 9600 baud. 

In this scheme, the I/O bus is buffered (74240); this is op- 
tional. A one-shot (9602) provides a processor cycle delay 
by holding RDYD low. This allows the use of a slow UART 
(TR1263B). Converters (1488, 1489) are used for RS232- 
level connection, and current loop drivers are switch 
selected as shown. A one-shot (9602) provides a pulse for a 
TTY reader delay. 

Dynamic Memory Control 

Since dynamic memory is more difficult than static memory 
to connect to any processor, the F9445 requires some addi- 
tional circuitry to drive dynamic memories (see Figure 9). 
There are several approaches to dynamic memory control: 

Using an LSI special-purpose dynamic memory control- 
ler (e.g. F9446), which is by far the simplest solution; 

Using standard SSI or MS! for the controller, requiring 
considerable board area; 

Using software-assisted techniques, which reduces 
hardware requirements but can result in poorer overall 
performance; or 

Using a standard MSI dynamic memory controller (e.g. 
9642) with additional timing and control logic. 

The last alternative has the advantage of using standard 
parts with a low part count and no software overhead. This 
is the scheme shown in Figure 9. The memory address reg- 
ister, data buffer and address decoder are required for any 
memory, static or dynamic, the 9642 multiplexes the 14-bit 
address for the dynamic memories, seven bits at a time. 
The memories require two strobes: a row address strobe 
(RAS) and a column address strobe (CAS). In t he scheme 
sho wn, a ll memory chips receive the same CAS strobe, but 
the RAS strobe depends on the address. The strobes are 
sequenc ed usi ng a co mbination of F9445 timing signals 
(STRBA, SYN, STRBD) and other signals generated by a 
74164 shift register. 
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Fig. 8 F9445 Input/Output Connection Scheme (1 of 2) 
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Fig. 8 F9445 Input/Output Connection Scheme (2 of 2) 
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Fig. 9 F9445 Dynamic l\/lemory Connection Scheme 
Dynamic Memory Timing 
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Notes 

■>• D|N connected to DquT connected to Data Bus. 

2. All F16K devices have the same addr ess li nes and CAS. WE line. 

3. Each bank of 16 F16K has a separate RAS line (4 banks). 

4. Each slice of 4 F16K is connected to a separate data bus line (16 slices). 
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The memory requires "refreshing" every 2 ms. The 9642 
contains a 7-bit refresh counter. Every 15.63 ms (2/128), the 
memory controller enters "refresh" mode. This is syn- 
chronized with SYN to avoid any conflict. Another 74164 
shift re giste r controls the refresh timing which requires 
only an RAS strobe. After the refresh cycle, the refresh 
counter is incremented and thfe normal memory timing is 
resumed. 

The refresh cycle takes place when needed and may take 
place during non-memory processor cycles. In these cases, 
the processor is not halted, and the refresh cycle is over- 
lapped. 

Different memory types have different speed requirements. 
These requirements can be met by changing the "taps" on 
the 74164 shift registers. 



The Console Request is set whenever any operation switch 
is pressed and is reset when the console code is read from 
the FPLA. The circuit provides for control of two pro- 
cessors sharing the same bus. 

All the switches are momentary-action type except the data 
switches and the select-processor switch. 

A full listing of the FPLA is shown in Table 2. 

The console provides all F9445 console functions, includ- 
ing Self-Test, plus the additional function of Single-Step, 
and is compact enough to be implemented with all 
switches, lamps, logic and connectors on a double-sided 
17y2-by-5y2-inch printed-circuit board. 



Console Control 

On an application board, a minimal console is usually re- 
quired. The APL (automatic program load) function can be 
easily implemented by pulsing the Console Request line 
LOW. There are no critical timing requirements since this 
signal is latched internally. The F9445 will continue to exe- 
cute APL commands until the Console Request is raised. 
Since the bus must be HIGH for the APL to execute cor- 
rectly, bits 5 and 6 of the bus may be tied to +5 V through 
3 kn resistors as pullups. 

For debugging and evaluation purposes, a console is a 
very useful tool. It gives complete control of the processor 
independent of software and memory operation. 

Since the console commands are microprogrammed into 
the F9445, a full console design is fairly simple, the 
simplest full console uses the F9470 console-controller cir- 
cuit, which drives an RS232 terminal and contains two se- 
rial I/O ports and a timer. The F9447 I/O controller can also 
be used to provide some console functions. 

Interfacing to standard switches and lamps requires switch 
debouncing and encoding operations. The circuit shown in 
Figure 10 uses R-S latches for switch debouncing and an 
FPLA (93409) for switch encoding. 



Table 2 Console PLA Listing 



An address latch is strob ed on e very STRBA, and a data 
latch is strobed on every STRBD except "console code 
read." This results in the correct display on the lamps. The 
data switches are enabled with "console data read." 
A Single-Step function is included. This function requires 
two additional latches, plus some decode logic, and im- 
plements a Continue followed by a Halt. 









*A 


LLLLLLLL 


*P 00 




-H-HHHHHHHHHL 




A-- 


*P 01 




-H-HHHHHHHHL 




--A--A-- 


*P 02 




-H-HHHHHHHL 




--AA-A-- 


*P 03 




-H-HHHHHHL H-- 




AA-- 


*P 04 




-H-HHHHHHL L-- 




AA-A 


*P 05 




-H-HHHHHL 




__A-AA-- 


*P 06 




-H-HHHHL H-- 




AAA-- 


*P 07 




HL-H L H-- 




AAA-- 


*P 08 




HL-H L L-- 




AAA-A 


*P 09 




HL-H L L-- 




AA-A 


*P 10 




HL-H L H-- 




AA-- 


*P 11 




-H-HHHHL L-- 




AAA-A 


*P 12 




-H-HHHL 




--AAAA-- 


*P 13 




-H-HHL 







*P 14 




-H-HL 




A- 


*P 15 




L 




-: AA- 


*P 16 




HL-H 




A- 


*P 17 




LL-H H 




AA- 


*P 18 




-H-HHHHHHHHHH 




AA- 


Key for Table 2: 








*A 


= Active level of outputs 








*P 


= Product term number 








*l 


= Inputs 








*F 


= Outputs 








- 


= Don't care 








H 


= High level 








L 


= Low level 








A 


= Active 








6-33 



Fig. 10 F9445 Console Connection Scheme (1 of 3) 




SAME AS PLA PIN 19 



i k. 



lob Za . 



PIN 7 OF PLA 
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Fig. 10 F9445 Console Connection Scheme (2 of 3) 





SWITCH DEBOUNCE 



CONSOLE CODE PLA 
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Fig. 10 F9445 Console Connection Scheme (3 of 3) 



ADDRESS LAMPS 

y +5V 




DS15 
DATA SWITCHES 
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A Multiprocessor Scheme 

There are many ways to envision two or more processors 
working concurrently. The method of interconnecting the 
processors depends on the application and the perfor- 
mance objectives. Listed here are a few of the options. 

Independent Operation 

For those processors which can be made to run indepen- 
dent tasks, this provides the most efficient scheme. Each 
processor has independent memory and resources. 

Shared HO 

Each processor has its own memory but shares an I/O bus. 
This allows high-speed operation while minimizing system 
resource requirements. 

Local and Common Memory 

This gives a good compromise between performance and 

resource requirements. Each processor normally runs from 

its own memory at high speed. Accesses to a common 

memory are rarer and, because of the arbitration problems, 

slower. 

Tightly Coupled 

Two or more processors share the same memory and I/O. 

This scheme is easiest to implement but, because of the 



completely shared resources, does not give as high per- 
formance as the Local and Common Memory scheme. 
However, for certain applications and for two processors 
only, this scheme can give a considerable performance in- 
crease over a single-processor system with very little 
hardware overhead. This scheme is described in the follow- 
ing paragraphs. 

A general scheme for two tightly coupled F9445 
processors is shown in Figure 11. The processors share 
a common bus and an arbiter selects which processor 
uses the bus and multiplexes the control lines 
accordingly. The I/O arbitration scheme is very simple: 
each processor assigns the bus to the other processor 
when it co mmences a ny cycle that does not use the bus, 
as long as BUSLOCK is not set. 

The scheme is most efficient when the instruction mix in- 
cludes many "long" instructions, such as Multiply, Divide, 
Parametric Shift and Normalize. Since only one processor 
is using the bus at any time, the synchronization signals 
RDYA and RDYD can be the sa me for bo th processors. 
However , the inter rupt request (INTREQ) and data-channel 
request (DCHREQ) lines should be separate to avoid any 
conflicts in I/O handling. 




Fig. 11 A Possible General Multiprocessor Scheme 



« 



F9445 
(A) 



RDYD- 
RDYA- 



IBo 
IBl5 

X 



V 



o 
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(B) 
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IB15 



vv 

INFORMATION BUS CONTROL BUS 



MOo, Oi,W 
SYN 
STRBA 
STRBD 
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F9445 Instruction Execution Times 





Clock 


Execution Times 














Instruction 


Cycles 


16 MHz 


20 MHz 


24 MHz 


Notes 


COM 


6 


0.375 


0.3 


0.25 




NEG 


6 


0.375 


0.3 


0.25 




MOV 


6 


0.375 


0.3 


0.25 




INC 


6 


0.375 


0.3 


0.25 


Times for no-skip or unfulfilled skip; 


ADC 


6 


0.375 


0.3 


0.25 


for fulfilled skip; add 0.3 (0.25 at 


SUB 


6 


0.375 


0.3 


0.25 


24 MHz) 


ADD 


6 


0.375 


0.3 


0.25 




AND 


6 


0.375 


0.3 


0.25 




OR 


6 


0.375 


0.3 


0.25 




MUL 


70 


4.375 


3.5 


2.9 




MULS 


70 


4.375 


3.5 


2.9 




DIV (Normal) 


86 


5.375 


4.3 


3.6 




DIV (Overflow) 


14 


0.875 


0.7 


0.58 




DIVS (Normal) 


114 


7.125 


5.7 


4.7 




DIVS (Overflow) 


26 


1.625 


1.3 


1.1 




NORM 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 


n = number of steps needed for 
normalization. Time is 0.7 (0.59) if n=0. 


SLLD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 


n = number of shifts; 


SALD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0,17n 


time is 0.7 (0.59) if n=0. 


SARD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 




SLRD 


10 + 4n 


0.625 + 0.25n 


0.5 + 0.2n 


0.42 + 0.17n 




SKNV 


14 


0.875 


0.7 


0.58 




JMP 


6 


0.375 


0.3 


0.25 


Times for page-zero addressing; add 


JSR 


6 


0.375 


0.3 


0.25 


0.3 (0.25) for indirect; add 0.3 (0.25) 


ISZ 


22 


1.375 


1.1 


0.92 


for auto-increment/decrement; add 


DSZ 


22 


1.375 


1.1 


0.92 


0.2 (0.18) for indexed. 


LDA 


12 


0.75 


0.6 


0.5 




STA 


12 


0.75 


0.6 


0.5 




LDB 


24 


1.5 


1.2 


1.0 




STB 


26 


1.625 


1.3 


1.1 




PSHA 


16 


1.0 


0.8 


0.67 




POPA 


16 


1.0 


0.8 


0.67 




PSHF 


16 


1.0 


0.8 


0.67 




POPF 


16 


1.0 


0.8 


0.67 




POPJ 


16 


1.0 


0.8 


0.67 




PSHR 


16 


1.0 


0.8 


0.67 




TOPR 


16 


1.0 


0.8 


0.67 




TOPW 


16 


1.0 


0.8 


0.67 




MTSP 


6 


0.375 


0.3 


0.25 




MTFP 


6 


0.375 


0.3 


0.25 




MFSP 


6 


0.375 


0.3 


0.25 




MFFP 


6 


0.375 


0.3 


0.25 




SAV 


60 


3.75 


3.0 


2.5 




RET 


80 


5.0 


4.0 


3.3 




DSP 


6 


0.375 


0.3 


0.25 




NIO 


12 


0.625 


0.6 


0.5 




SKP 


16 


1.0 


0.8 


0.67 




DIA/B/C 


12 


1.0 


0.6 


0.5 




DOA/B/C 


12 


1.0 


0.6 


0.5 




ETRP 


10 


0.625 


0.5 


0.42 




DTRP 


10 


0.625 


0.5 


0.42 




E64K 


10 


0.625 


0.5 


0.42 




D64K 


10 


0.625 


0.5 


0.42 





Note: Execution times are given for 20 MHz and 24 MHz clock. The ciocl< may be operated from > to 24 MHz within the specified temperature and voltage range. 
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Fig. 12 ALU Cycle Timing* 



F9445 
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(PIN#) 
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SYN (7) 


J 


,0 


S 

TC(S) 


1 


S1A 

1 


S5 

1 

TC(S) — 


SO 

1 


S1 

1 


S1A 

l_ 




/ 


/ 




\ 








TC(0)— 


H 










Oo (34), Oi (35) 
M(36) 




i 














TC(BR)- 






/ 












BUS REG (38) 






-. TC(W)z- 




W(1) 




■\ 






1/ 














— TC(R) — 






RUN (37) 




k 








X 










— 1 


TA(C) 










ABORT (32) 






\ 



















Fig. 13 Minimum Memory Cycle Timing* 



SYMBOL AND 
(PIN n) 




*See Timing Parameter Symbol Conventions at end of data sheet. 
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Fig. 14 Extended Memory Cycle Timing* 



F9445 



SYMBOL AND 
(PIN #) 



Oo_(34), 01^(35) 
M (36), W (1), 
BUSREQ (38) 



IB (11-26) READ 



IB (11-26) WRITE 



RDYD (8) 



*-TC(0)-«-| 



x 



WAIT RDYA GENER- 

FOR RECOG- ATE 

RDYA NIZED STRBD 

I SI I S2 S3 



WAIT RDYD 

FOR RECOG- 

RDYD NIZED 



L TC(SA) ^ 



-•— TC(IBA) — ►] 



c 



-•— TC(IBA)— ^1 



y 



c 



> 



^ 



\ 



V 



h- 



< 



m 



^ 



I- 



\ 



m 



TRD(C) 



>^ 



S5 I 



t 



^ 



t 



T' 



*See Timing Parameter Symbol Conventions at end of data sheet. 
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Figure 15. Bus and Status Control Timing* 

I so I S1 S1G I S2 



SYMBOL AND 
(PIN «) 




WAIT FOR 
BUS GNT 



BUS GNT 
RECOGNIZED 



*See Timing Parameter Symbol Conventions at end of data sheet. 
**lf this DCH REQ set-up time is missed, it is not recognized for another complete cycle. 
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Guaranteed Operating Ranges 




Part Number 


Supply Voltage (Vcc) 


Ambient 




Min 


Typ 


Max 


Temperature 


F9445DC 
F9445DM 


4.75 V 
4.5 V 


5.0 V 
5.0 V 


5.25 V 
5.5 V 


0to+75°C 
-55to+125°C 



DC Characteristics 

(Over guaranteed operating ranges unless other wise noted.; 
l,Nj(mln) = 300 mA; l,Nj(max) = 400 mA 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 


V,H 


Input HIGH Voltage 


2.0 






V 


Guaranteed Input HIGH Voltage 


V,L 


Input LOW Voltage 






0.8 


V 


Guaranteed Input LOW Voltage 


VcD 


Input Clamp Diode Voltage 




-0.9 


-1.5 


V 


Vcc = Min, I|N = - 18 mA, I,nj = 300 mA 


VoH 


Output HIGH Voltage; RUN, CARRY, 


2.4 


3.4 




V 


Vcc = Min, loH = -400 /xA, li^j = 300 mA 




INTON, SYN, STRBD, BUSREQ, STRBA, 
Oo,Oi,M 




VoH 


Output HIGH Voltage; lB(o-i5), W 


2.4 


3.4 




V 


Vcc = Min, loH = - 1 mA, Iinj = 300 mA 


Vol 


Output LOW Voltage 




0.25 


0.5 


V 


Vcc = Min, loL = 8.0 mA, Uj = 300 mA 


I.H 


Input HIGH Current; DCHREQ, INTREQ, 
CLK, MR, RDYA, RDYD, ABORT, 
CONREQ, BUSGNT 




2.0 


40 


/xA 


Vcc = Max, V,N = 2.7 V, Lj = 300 mA 


l,H 


Input HIGH Current; iB(o-i5) (3-state) 




5.0 


100 


/xA 


Vcc = Max, V,N = 2.7 V, Uj - 300 mA 


i,H 


Input HIGH Current; All inputs 






1.0 


mA 


Vcc = Max, V,N = 5.5 V, I,nj = 300 mA 


I.L 


Input LOW Current; All Inputs 




-0.21 


-0.4 


mA 


Vcc = Max, V,N = 0.4 V, Lj = 300 mA 


loZH 


Output OFF State (High Impedance) 
Current IB, 0.15. W 






100 


mA 


Vcc = Max, VouT = 2.4 V, Uj = 300 mA 


loZL 


Output OFF State (High Impedance) 
Current IB, 0-15, 




-210 


-400 


^J^^ 


Vcc = Max, VouT = 0.4 V, Lj = 300 mA 


loZL 


Output OFF State (High Impedance) 
Current; W 






-100 


^A 


Vcc = Max, VouT = 0.5 V, Uj = 300 mA 


loSH 


Output Short Circuit Current; All 


-15 




-100 


mA 


Vcc = Max, VouT = 0.0 V, Uj = 300 mA* 




Outputs Except BUSLOCK 




'loh 


Output Leakage; BUSLOCK 






1.0 


mA 


Vcc = Min, VoH = 5.25 V, l.^j = 300 mA 


Ice 


Supply Current 




160 




mA 


Vcc = Max, l|Nj = 300 mA 


V.N. 


Injector Voltage 




1.3 




V 


liNj = 400 mA 



*Not more than one output to be shorted at a time, 
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AC Characteristics 

Ta = to 75°C; Vcc = 4.75 to 5.25 V; I,nj = 300 mA; Cl = 1 5 pF. 

Input conditioning: Rise Time = 6 ns; Fall time = 6 ns; Amplitude = 0to3 V 

Refer to Symbol Conventions at the end of this data sheet for explanation of the timing parameter symbols. 



Symbol 


Characteristic 


Min 


Typ 


IVIax 


Unit 


TC(0) 


Propagation delay, CLK to Oo, Oi , M 




60 




ns 


TC(S) 


Propagation delay, CLK to SYN 




30 




ns 


TC(W) 


Propagation delay, CLK to W 




70 




ns 


TC(W)z 


Propagation delay, CLK to»W going 3-state 




70 




ns 


TC(IBA) 


Propagation delay, CLK to IB(o.i5). address 




60 




ns 


TC(IBA)z 


Propagation delay, CLK to iB(o.i5). address, going 3-state (read 
cycle) 




35 




ns 


TC(SA) 


Propagation delay, CLK to STRBA 




30 




ns 


TC(IBD) 


Propagation delay, CLK to IB(o-i5). data out 




75 




ns 


TC(IBD)z 


Propagation delay, CLK to iB(o.i5). data out, going three-state 




35 




ns 


TC(SD) 


Propagation delay, CLK to STRBD 




25 




ns 


TRA(C) 
TC(RA)x 


Setup time, RDYA to CLK 
Hold time, CLK to RDYA 




3 
10 




ns 
ns 


TRD(C) 
TC(RD)x 


Setup time, RDYD to CLK 
Hold time, CLK to RDYD 




2 
10 




ns 
ns 


TIBD(C) 


Setup time, IB(o-i5), data in, to CLK (read or fetch cycle) 




75 




ns 


TC(IBD)x 


Hold time, TBco-is), data in, after CLK (read or fetch cycle) 




25 




ns 


TREQ(C) 


Setup time, INTREQ, DCHREQ, CONREQ, MR to CLK, all 
are the same timing relative to S5 




15 




ns 


TC(REQ)x 


Hold time, INTREQ, DCHREQ, CONREQ, MR after CLK, all are 
the same timing 




20 




ns 


TDRh(C) 


Data channel (DCHREQ) off setup time from CLK (to finish 
data-channel cycle) 




100 




ns 


TA{C) 


Setup time, ABORT to CLK 




30 




ns 


TC(BL)1 


Propagation delay, CLK to BUSLOCK going LOW 




35 




ns 


TBG(C) 
TC(BG)x 


Setup time, BUSGNT to CLK 
Hold time, CLK after BUSGNT 




10 
10 




ns 
ns 


TC(R) 


Propagation delay, CLK to RUN 




80 




ns 


TC(CY) 


Propagation delay, CLK to CARRY 




50 




ns 


TC(INT) 


Propagation delay, CLK to INTON 




50 




ns 


TC(BR) 


Propagation delay, CLK to BUSREQ 




40 




ns 
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Timing Parameter Symboi Conventions 

The abbreviated symbols used for ac characteristic timing parameters in this data sheet are defined as follows: 

The timing symbol convention is: TAb(C)d 

The timing symbols all begin with the letter "T". 

The second position, represented by "A", indicates the signal node beginning the interval. 

The position "b" defines the direction of signal transition at the beginning node "A", if such definition is necessary; the new 
state of the signal may be: I = Low; h = High; z = 3-state; x = Don't care; v = Valid 

The position "C", which always appears within parentheses, indicates the signal node ending the interval. 

The position "d" is the same as "b" but refers to the state of the signal at the node indicated by the mnemonic in position "C". 



Ordering Information 



ORDER CODE 


SPEED 


TEiVIPERATURE 


F9445-24DC 
F9445-24 DM 
F9445-24 DMQB 


24 MHz 
24 MHz 
24 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 


F9445-20 DC 
F9445-20 DM 
F9445-20 DMQB 


20 MHz 
20 MHz 
20 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 


F9445-16DC 
F9445-16 DM 
F9445-16 DMQB 


16 MHz 
16 MHz 
16 MHz 


0°Cto+75°C 
-55°Cto+125°C 
-55°Cto+125°C 



For other temperature ranges, contact Fairchild Sales Office. 
All packages are Ceramic DIPs 
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Dynamic Memory Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9446 Dynamic Memory Controller (DMC) is 
designed to support a variety of memory configurations and 
provide an interface between 16K and 64K memory chips 
and the F9445 central processing unit (CPU). It provides a 
16-blt memory address register (MAR), an address 
multiplexer for the row, column, and refresh addresses, a 
timing generator for the row and column strobe signals and 
the write enable signal (RAS-CAS-WE), mode arbitration, 
and page mode logic. It is implemented In I^L® bipolar 
technology with low-power Schottky-compatible inputs 
and outputs. 



• 16-bit Memory Address Register 

• Ability to Accommodate a Variety of Memory Speeds 

• 16K or 64K DRAMs 

• Automatic Page Mode 

• internal Refresh Address Counter 

• Row/Coiumn/Refresh Multiplexer 

• Complete Memory Timing Signals 

• Three-state Outputs for Multiport Memories 

• intemai Refresh Rate Timer 

• Low-power Schottlcy-compatibie I/O 

• \\ Bipolar Technology 

• 64-Pin DIP 

• Operating Temperature Range of from 
-55«Cto -H25'»C 



Connection Diagram 



Ai C= 


1 


^ 64 


avcc 


A2 C 


2 


63 


3Ao 


A3 C= 


3 


62 


3IRAS0 


A4 C 


4 


61 


3RS5i 


As C 


5 


60 


3RSS2 


Ae C 


6 


59 


3RXS3 


A7 c 


7 


58 


acss 


fioC 


8 


57 


awe 


iBi C 


9 


56 


3CS 


lB2C= 


10 


55 


3 MBUSREQ 


TB3C 


11 


54 


Zl MBUSfiNT 


iB4C 


12 


53 


3RDYD 


iBsC 


13 


52 


^PAdg 


lie C 


14 


51 


J bLYftAS 


iBz C 


15 


50 


U bLYCAS 


GNDC 


16 


49 


JdlVend 


iBe C 


17 


48 


3gnd 


iB9 C 


18 


47 


3RFSH 


iBioc: 


19 


46 


3 RDYM 


IB11C 


20 


45 


a DLVCOL 


iBiaC: 


21 


44 


a WRITE 


IB13C: 


22 


43 


acLK 


IB14C 


23 


42 


aSTSTlC 


iBisq 


24 


41 




Ae C 


25 


40 


aSPEE01/256K 


A9 q 


26 


39 


a SPEEDO/RMW 


A10 c^ 


27 


38 


a MEX 


A11 c: 


28 


37 


a TIMODE 


A12 cd 


29 


36 


a BANKS 


AiaC 


30 


35 


a REFMODE 


Ai4 cq 


31 


34 


a TYPE 


injc: 


32 


33 


3Ai5 
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Signal Descriptions 



CLOCK »► 


CLK 
STRBA 
RDYD 
MEX 

RDYM 

MBUSREG 
MBUSGSNT 

iBi5 

1Bi4 

iBi3 
IB12 

iBii 

IB10 
1S9 
IBs 
187 
ile 
IB5 
IB4 
1I3 

tB2 
1-Bi 
IB0 

STATIC 
RFSH 

RAS3 
RAS2 

RA§o 


Ai5 
Ai4 
Ai3 
A12 
A11 
A10 
A9 
As 
A7 
Ae 
As 
A4 
A3 
A2 
Ai 
Ao 
PAGE 
REFMODE 
TIMODE 
BANKS 
TYPE 
SPEEDo/RMW 
SPEEDi/256K 
DLYRAS 


X 








CPU / ** 


*" 




HANDSHAKE \ "* 


*^ 




V * 






RY HANDSHAKE < » 


**" 










MEMORY BUS j 




** 








CONTROL 




\ MEMORY ADDRESS 










^ 










'*" 








^ 








^ 




















^ 


^ 








^^ 




ORMATION BUS i 


— 












* 












■* 












* 






^ 
* 














-* f SPEED SELECTION 




** 




















"* 








DYLCOL 

DYLCAS 

DLYEND 
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The F9446 incorporates an address multiplexer and memory 
timing generator for use with both static and dynamic 
memories. The multiplexer selects between row and col- 
umn segments of the Internal 16-blt memory address 
register (MAR) or an internal refresh address counter (RAC). 
The upper two address bits provide bank information, while 
the lower seven, eight, or nine address bits are multiplex- 
ed to provide row, column, and refresh address. Assertion 
of the static line supresses row/column multiplexing of 
the memory address register outputs, which then provides 
the full 16-bit address. 

The memory timing sequence is initiated by the memory ex- 
ecute signal; it may be inhibited or aborted by removal of 
the chip select signal. Once started, the memory timing se- 
quence is automatic. A choice of four speed grades accom- 
modates a variety of memory access times, and external 
controls may be used to further modify the timing. 

The four individual RAS lines accommodate from one to 
four banks of memory chips, with automatic satisfaction of 
precharge requirements for memory access and refresh, In 
page mode or not, with distributed refresh or bulk refresh. 

Refreshes are initiated to satisfy a rate of 128 per 2 ms per 
RAS bank. For short inten/als, they may automatically be 
deferred until nonmemory CPU cycles; this makes them 
semi-transparent. 

A memory bus request and memory bus grant are provided 
to govern 3-state control of memory interface signals for 
multlport or DMA purposes. 
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F9447 

I/O Bus Controller 



Advance Product Information 



Microprocessor Product 



Description 

The F9447 I/O Bus Controller (IOC) is used with the 
F9445 I^L® 16-Bit Bipolar Microprocessor to demultiplex 
the I/O instruction and data of the infornnation bus (IB). It 
provides all the tinning and decode signals required for 
programmed or data channel (DCH) input/output to 
peripheral device controllers. In the NOVA® -compatible 
mode, the F9447 provides all the timing and signals 
required by that I/O bus. For DCH transfers, address 
generation and handshake can be handled by the F9449 
Multiple Data Channel Controller. 



Signal Functions 



• Interfaces Directly to the F9445 

• Controls Standard and High-Speed NOVA-Compatible 
Data Channels 

• NOVA-Compatible or F9445 I/O and Data Channel 
Timing 

• Complete NOVA-Compatible I/O Bus Interface 

• Automatic Program Load 

• Power-Up Reset Delay 

• Console Interface 

• Local Busy/Done/Interrupt Logic 

• Low-Power Schottity-Compatibie I/O 

• 64-Pin DIP or Optional Chip Carrier Package 

• PL Technology 

• Operating Temperature Range of from -55**C to 
-H25*»C 
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® PL is a registered trademark of Fairchlid Camera and Instrument 
Corp. 

® NOVA is a trademarl< of Data General Corporation. 
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F9447 



The F9447 I/O controller Is a decoder and timing 
generator for programnned I/O Instructions and data 
channel transfers. The timing sequence Is selected via a 
three-bit control code, Wg-Wg. Additional logic Is 
included to implement either the basic console interface 
or a busy/done/interrupt function. A hysteresis circuit for 
deriving a power-on-reset, from an external capacitor to 
ground, Is also Included. Figure 1 Is a typical block 
diagram of the F9447 I/O controller. Figure 2 shows how 
the F9447 can be used with the F9445 system. 

Signal Description 

Table 1 describes the F9447 signals. 



Figure 1 F9447 Block Diagram 
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F9447 



Figure 2 System Configuration 
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Table 1 F9447 Signal Descriptions 



F9447 



Mnemonic 


Pin No. 


Name 


Description 


Clock 








CLK 


2 


Clock 


A synclironizing input signal primarily for timing non-F9445 
mode intervals through a state counter clock on alternate 
positive edges. 


CPU Handshake 








SYN 


41 


Synchronize 


An input signal from the CPU that maintains system timing. 


STPlBA 


40 


Strobe Address 


An active low input signal that indicates an address portion of 
the CPU cycle (and instruction during I/O execute). 


RDYA 


38 
42 


Ready Address 
Strobe Data 


An active high open-collector output signal that allows the 
CPU to continue beyond the address portion of the cycle. 


STRBD 


An active low input signal that indicates the data portion of 
the CPU cycle. 


RDYD 


39 


Ready Data 


An active high open-collector output signal that allows the 
CPU to continue beyond the data portion of the cycle. 


Memory 
Handshake 








RDYM 


28 


Ready Memory 


A bidirectional, open collector signal; an active high input 
during a data channel output cycle indicates that the memory 
has fetched the data. An active high output during a data 
channel input cycle indicates to memory that the input data is 
valid and a write may proceed. 


ME 


31 


Memory Enable 


An active low output that modifies the memory controller to 
respond for CPU memory accesses or for data channel cycles 
(ME = M + Oi . Gq). 


CPU Cycle Type 








M 


10 


Memory 


An active low input from the CPU that indicates a memory 
type of cycle. 




36 
37 


Lines 


A pair of input signals from the CPU to indicate the type of 
cycle. 


w 


11 


Write 

■ 


An active low input signal from the F9445 that indicates a 
cycle during which data is to be written to a memory or I/O 
device. 
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F9447 



Mnemonic 


Pin No. 


Name 


Description 


Cycle Enable 








lOPRI 


1 


I/O Priority 


An active high input that enables the F9447 to begin an I/O or 
data channel cycle. 


IOCS 


24 


I/O Chip Select 


An active high input enables strobes for busy and done, as 
well as I/O control decodes. 


^77 


9 


Device Select 77 


An active low input signal that indicates a decode of Fb.,q-IBi5 
ail active, a device code 77 (CPU class) I/O instruction. 


lOENA 


30 
22 


I/O Enable 

Data Channel 
Request 


An active high Input that, when low, inhibits response by the 
F9447 to any F9445-programmed I/O cycle. Used with multiple 
F9447S to allow disables. 


DCHREQ 


An active low input that indicates there is a data channel 
request. 


Peripheral Timing 
Mode Select 








W2 
Wo 


33 
34 
35 


Timing Options 


A three-bit input code; the decodes provide a selection of 
timing for I/O and data channel cycles. 


I/O Instruction 
Field 








IBs-iBg 


52-56 


Information Bus 


Active low input signals from the F9445 containing I/O 
instruction bits 5 through 9 during address phase of I/O 
execute cycles. 


Reset 








MR 


13 
17 


Master System 
Reset 

Capacitlve Reset 


An open-collector bidirectional pin that, when pulled low, 
initializes the F9447 and activates lORST. Also an output 




generated by a low level on MRCAP. 


MRCAP 


An active low input with an internal resistive pullup of 10K 
ohms to Vcc- 




* The F9447 does not modify the F9445 timing for the following control instructions: READS, ION, APL, HALT. 
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Table 1 F9447 Signal Descriptions (Cont'd.) 



F9447 



Mnemonic 


Pin No. 


Name 


Description 


Console I/O Select 

GLOBAL 


8 


Global (Local) 


An input that selects one of two uses of the global and local 
modes. 


Programmed I/O 
Strot>es 

DIA 
DIB 
Die 
INTA 

SKP 

DOA 
DOB 
DOC 


46 
45 
44 
49 

50 

59 
58 
57 

51 

47 

61 
62 
60 


Data-ln-A 

Data-ln-B 

Data-ln-C 

Interrupt 

Acknowledge 

Skip 

Data-Out-A 
Data-Out-B 
Data-Out-C 

I/O Reset 

Mask Out 

Start 
Clear 
Pulse 


Active low timing strobe outputs that indicate execution of 
data input instructions. 

Timing strobe outputs (all active low except active high 
MSKO) that indicate execution of data output instructions. 


lORST 
MSKO 


An active low output that Indicates either a decode of the 
execution of the lORST instruction or a system reset caused 
by MR or MRCAP active. 


START 
CLEAR 
PULSE 


Active-low control outputs that indicate decode and time of 
start, clear, and pulse control functions during programmed 
I/O execution. 


I/O Handshake 


26 
43 
27 

29 


Device Select 
Enable 

I/O Execute 
I/O Busy 

Data Channel 
Execute 




DSEN 
lOEX 


An active low output that enables device select. 

An active low output indicating that the F9447 is involved in 
the execution of a programmed I/O cycle. 


lOBSY 


An active low input indicating that another source is using the 
I/O bus. An active low output is provided when the F9447 is 
about to or is executing an I/O cycle. 


DCHEX 


An active low output indicating that a data channel transfer 
is in progress. 


Data-Channel 
Handshake 


18 
20 


Data Channel 
Address 

Data Channel In 




DOHA 
DCHI 


An active low timing strobe output that defines address 
transfer time of a data channel cycle. 

An active low timing strobe output that defines data transfer 
in (write to memory) of a data channel cycle. 
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F9447 



Mnemonic 


Pin No. 


Name 


Description 


DCHO 
DCHMO 


19 
23 


Data Channel Out 

Data Channel 
Mode Out 


An active low timing strobe that Is output during data transfer 
out (write to peripheral) of a data channel. 

An active high input results in data channel output cycles. 


I/O 
Synchronization 

RQENB 


7 


Request Enable 


A timing output that synchronizes interrupt and data-channel 
priorities. 


Data Buffer 
Control 

DIEN 


21 
25 


Data In Enable 
Data Out Enable 


An active low output that enables peripheral data onto the 
F9445 information bus during programmed I/O or data-channel 
input cycles. 


DOEN 


An active low output that enables Information bus data onto 
the peripheral data bus during programmed I/O or data- 
channel output cycles. 


Console Control 
Input 


15 
12 
14 


Console Switch 

Console Step 

Auto Program 
Load Switch 




CONSW 


An active low input with internal 2.4K-ohm pullup resistor to 
Vcc and digital delay of approximately 3 ms to eliminate 
contact bounce. 


CONSTP 


An active low input with characteristics of CONSW that 
initiates a console request lasting for two console code cycles 
of the F9445. 


APLSW 


An active low Input with characteristics of CONSW and 
CONSTP that initiates a console request cycle with APL 
enable active. 


Console Control 
Output 


63 

5 
6 

4 
3 


Console Enable 

Console Request 
Console Code 

Auto Program 
Load Enable 

Console Load 




CON EN 


An active low output to enable a console to provide 
information to the IB of the F9445 during a read or write 
operation. 


CON REG 


An active low output to the F9445 to request console service. 


CONCD 


An active low output to enable the console code onto the IB 
of the F9445 in response to a console code cycle of the F9445. 


APLEN 


An active low output Initiated by an APLSW input or the 
execution of (DOA ac, CPU) Instruction and terminated by the 
execution of a (DOAP ac, CPU) instruction or system reset. 


CONLD 


An active low output to enable the console to latch data from 
the IB of the F9445. 
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Table 1 F9447 Signal Descriptions, Cont'd. 



F9447 



Mnemonic 


Pin No. 


Name 


Description 


I/O Port Status 
Input 


63 


Mask Bit 




MSKBIT 


The local logic contains an interrupt disable flag loaded from 
a select bit of the F9445 information bus during the execution 
of a mask out instruction. The MSKBIT signal is driven by that 
selected bit of the IB; a low level at the beginning of MSKO 
execution sets the interrupt disable flag. 


STRBSY 


15 


Strobe Busy 


A negative-going input edge that strobes the BUSY flag to the 
clear state. 


STRBDN 


12 


Strobe Done 


A negative-going input edge that strobes the DONE flag to the 
true state. 


INTPIN 


14 


Interrupt Priority In 


An active high input that determines which peripheral device 
may interrupt. 


I/O Port Status 
Output 








BUSY 


5 


Busy Flag 


An active high output of a flip-flop is set by the execution of 
an l/0-Start cycle with I/O Chip Select (IOCS) high; and 
cleared by a similar l/0-Clear cycle, by a negative transition 
on STRBSY, by execution of an lORST instruction, or by a low 
level on MR. 


DONE 


6 


Done Flag 


An active high output of a flip-flop is set by a negative 
transition on STRBDN; cleared by the execution of an l/0-Start 

or l/0-Clear while I/O Chip Select (IOCS) is high, by the 

execution of an lORST instruction, or by a low level on MR. 


INTPOUT 


4 
3 


Interrupt 
Priority Out 

Console Load 


An active high output that determines which peripheral device 
may interrupt. 


CONLD 


An active low output that enables the console to latch data 
from the F9445 information bus. 


Power 








Vcc 


64 


Power Supply 


Nominal -i-5 VDC. 


^INJ 


32 


Injection Current 


Constant current (80 mA) obtained by using a dropping 
resistor from Vqq (nominal V|,^j = 1.3 V). Use of bypass 
capacitor to GND is desirable. 


GND 


16,48 


Ground 


Common power and signal return. 
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F9448 

Programmable Multiport 

Interface 



Advance Product Information 



Microprocessor Product 



Description 

The F9448 Programmable Multiport Interface (PMI) is 64 
pin bipolar PL device that facilitates the interface 
between an F9445 16-bit bipolar microprocessor and 
many industry-standard input/output (I/O) devices. It 
decodes I/O instructions and memory addresses from 
the central processing unit (CPU) to communicate with 
devices tied to its four external ports. When used with 
the F9449 Multiple Data Channel Controller, it handles 
peripheral selection and timing during data channel 
cycles. Some of the features of the F9448 are: 

• Four Independent I/O Ports 

• Memory-Mapped and Programmed I/O 

• Interface with Serial, Parallel, DMA, and Other 
Special-Purpose Devices 

• Programmable Peripheral Timing 



• Compatibility with Many Industry-Standard Interfaces 

• Ability to Implement F9445-Programmed I/O 
Flags 

• Interrupt Arbitration and Response Handling 

• Fabricated in I^L® Bipolar VLSI Technology 

• Operating Temperature Range -55° to +125°C 

• 64-Pin Package 

• Low-Power Schottky Compatible I/O 

The F9448 PMI ties the F9445 CPU to many industry- 
standard microprocessor interfaces. It easily links I/O 
devices designed for the F6800 or 8080 buses and those 
directly suitable for the F9445 I/O bus. The system 
configuration in figure 1 shows how the F9448 can be 
used to interface F6800, 8086 family I/O devices or the 
F3870 to the F9445 system. 

® PL is a registered trademarl< of Fairchild Camera and Instrument 
Corp. 



Connection Diagram 
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Signal Functions 



CPU J 
HANDSHAKE 1 



READY 
MEMORY 



CPU CYCLE , 
TYPE 



DEVICE CODE 
JUMPERS 






INFORMATION 
BUS 



INTERRUPT 
PRIORITY CHAIN ] 

MASTER J 
RESET ^ 



CLK 

SYN 

STRBA 

STRBD 

RDYD 

RDYM 

M 

Oi 

Oo 

W 

ABORT 

CSC2 

CSCi 

CSCo 

IBo (MSB) 

iBi 

iB2 

IB3 

1B5 

IBs 
\Br 
IBb 
IB9 
IB10 
IB11 
IB12 
IB13 
IB14 
IB15 (LSB) 

INTPIN 

INTPOUT 

MR 




LE 



BUFENA 
DIRN 
OUTg 
OUT5 
OUT4 
OUT3 
OUT2 
OUT1 
OUTo 

RDYP 

PS4 

STRBBZ4 
STRBDN4 
DCHACK4 

PS3 

STRBBZ3 
STRBDN3 
DCHACK3 

PS2 

STRBBZ 2 
STRBDN2 
DCHACK2 



TT 



DATA 
^ BUFFER/LATCHES 
CONTROL 



PERIPHERAL 
> CONTROL AND 
' ADDRESS BUS 



} READY PERIPHERAL 



PERIPHERAL 

PORT 

CONTROL 



Vcc GND l|Nj 



6-55 



F9448 



Figure 1 System Configuration 
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F9448 



Registers 

Each port has a 16-blt configuration register and busy, 
done, and interrupt-dlsable flags. Port 4 also has an 



11-bit memory-base address register used in conjuction 
with memory-mapped I/O. Figure 2 shows the F9448 
program-accessible registers. 



Figure 2 F9448 Software IVIodei 
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F9448 



I/O Ports 

Tlie F9448 performs selecting and iiandsliaking with 
connected periplieral devices. It has five bidirectional 
ports numbered through 4. Port is used as a 
bootstrap port by the F9445 to read and write, address 
and configuration registers inside the F9448; ports 1 
through 4 are used to communiate with external 
peripheral devices. Ports through 3 respond only to 
programmed I/O instructions; port 4 responds to either 
I/O instructions or memory cycles. This latter feature 
enables a block of up to 4096 memory addresses to be 
used for memory-mapped I/O. 



Transactions between the F9448 and peripheral devices 
are organized using several select, address, and timing 
signals. Out 0-6 signals are shared by all ports, while 
each set of Peripheral Port Controls is associated with a 
specific port. 

Signal Descriptions 

Table 1 describes the signals for the F9448. 



Table 1 F9448 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Clock 








CLK 


45 


Clock 


Input signal from the positive-edge-triggered master clock 
from which all F9448 timing Is generated. 


CPU Handshake 








SYN 


40 
38 
39 


Synchronize 
Strobe Address 
Strobe Data 


An input signal from the F9445 for synchronizing the F9445 
with external devices. Active during every CPU cycle. 


STRBA 


An input signal generated by the F9445 during external bus 
cycles. 


STRBD 


An input signal generated by the F9445 during data transfer 
time and used by F9448 to organize transfers. 


RDYD 


52 


Data Ready 


An active high open collector output signal synchronizing 
F9448 with F9445 during data transfers. A low level stalls the 
F9445 until the peripheral Is ready. 


Ready Memory 








RDYM 


53 


Memory Ready 


Handshake between the memory controller and F9448 during 
data-channel cycles. Input to F9448 during data-channel read 
from memory; output from F9448 during data-channel write to 
memory. 


CPU Cycle Type 








M 
Oo 


49 
50 
51 


Memory 

0-Line 

0-Line 


Input status lines from the F9445 indicating the type of bus 
cycle. 


W 


37 
46 


Write 
Abort 


An input signal indicating the direction of data transfer on the 
IB. 


ABORT 


A low input signal from the Memory Management and 
Protection Unit that prevents the F9448 from starting another 
cycle but allows completion of the current cycle. 
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Table 1 F9448 Signal Descriptions 


(Cont'd.) 




Mnemonic 


Pin No. 


Name 


Description 


Device Code 
Jumpers 








CSC0-CSC2 


22-24 


Chip Select Code 


Input signals tied to Vqc, GND, SYN, or SYN to define a 6-bit 
device code, DS^q through DS^g for port of F9448. 


Information Bus 








"Bo-IBis 


56-63, 1-8 


Information Bus 


A 16-bit, three-state address and data bus for transmitting 
information between the F9445 and external devices. 


Interrupt Priority 
Chain 








INTPIN 


43 


Interrupt 
Priority Input 


An input for determining which peripheral device will respond 
to an INTA instruction. 


INTPOUT 


44 


Interrupt 
Priority Output 


A priority-signal output from the F9448 to lower-priority 
devices for determining which peripheral device may interrupt. 


Master Reset 








MR 


55 


Master Reset 


An input signal that initializes the F9448 by clearing all F9448 
user-accessible registers to and clearing all busy, done, and 
interrupt-disable flags. 


Data Buffer/ 
Latches Control 








LE 


47 
41 


Latch Enable 
Buffer Enable 


An output signal that may be used to load the data from the 
F9445 on the IB into peripheral data bus latches. 


BUFENA 


An active low output during memory, I/O, or data channel 
cycles to enable IB transceivers or latches if data is to be 
transferred between the IB and a device controlled by the 
F9448. 


DIRN 


42 


Direction 


An output signal controlling the direction of any bus 
transceivers on the IB bus between the F9445 and the F9448 
or of any data latches/transceivers between the IB bus and a 
peripheral data bus. 


Peripheral Control 
And Address Bus 








OUTo-OUTg 


25-31 


Outputs 


A 7-bJt peripheral output control bus that is to be shared by all 
peripheral devices controlled by F9448. 


Ready Peripheral 








RDYP 


54 


Ready Peripheral 


Open-collector handshake Input signal from peripherals to the 
F9448. 
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Table 1 F9448 Signal Descriptions (Cont'd.) 




Mnemonic 


Pin No. 


Name 


Description 


Peripheral Port 
Control 








PS,-PS4 


21, 18. 14, 11 
20, 17, 13, 10 
19, 15, 12, 9 
33-36 


Port Select 

Strobe Busy 

Strobe Done 

Data Channel 
Acknowledge 


Outputs for selecting the devices being controlled by ports 1 
through 4 of the F9448. 


STRBBZ.- 
STRBBZ4 


A low-to-high transition on the STRBBZ input signal clears the 
associated port's busy flag. 


STRBDNr 
STRBDN4 


A low-to-high transition on the STRBDN input sets the 
associated port's done flag. 


DCHACK,- 
DCHACK4 


Active low select inputs from the F9449 data channel 
controller. 


Power 








Vcc 


64 


Power Supply 


Nominal -h5V DC. 


GND 


16,48 


Ground 


Ground for both supply and signals. 


'iNJ 


32 


Injection Current 


A constant current obtainable by use of a dropping resistor 
from Vcc (V|Nj«13 V) supply. Use of a bypass capacitor to 
GND is desirable. 



6-60 



F9449 

Multiple Data 
Channel Controller 

Microprocessor Product 



Description 

The F9449 Multiple Data Channel Controller is a 4-port 
controller that is used with the Fairchild F9445 16-Bit 
Bipolar Microprocessor, and either an F9447 I/O Bus 
Controller or an F9448 Programmable Multiport Interface, 
to control direct data transfer to and from memory by 
peripheral devices. It contains four pairs of program- 
controlled address and word count registers that are 
multiplexed to control four fully independent data 
channels (DCHs) through which data transfers can occur. 
Data channel transfers are similar to direct memory 
access (DMA) channel transfers, except that the F9445 
architecture time-shares its information bus (IB). 

• Provides Control of Four Independent Channels 

• Has Separate Word Count and Memory Address 
Registers for Each Channel 

• Supports Byte- or Word-mode Operation on Each 
Channel 

• Performs internal Priority Arbitration 

• Supports Memory-to-Memory Transfers 

• Implemented in |3L® Technology, with Low-power 
Schottky TTL-compatible Input and Output 

• Available in a 64-Pin Package. 

• Operating Temperature Range of from -55°C to 
+ 125*'C 



Connection Diagram 



iB/C 

IBsL 

IBiC 

DCHACKi[^ 

rdya[^ 

strbd[^ 

str[^ 

marenQ 

ioen[^ 

psi[;;; 

PS2L 
PS3II 

PS4(I 

gndQ 

i^[^ 

DCHM01Q 

DCHMO2 \Z 

BMiL 
BM2Q]^ 
BM3II 
BM4CI 

■•■04 C 

TC3L 
iBoC 
iB2L 
iB4L 



"VT" 



IJvcc 
I]iB9 

ZJiBn 
Jiiia 
I]iBi5 

^SYN 
^DCHREQ 

^CLK 

Hm 

30^ 

I]0o 

UREQi 

^REQz 

jREQa 

IDREQ4 

JJGND 

^DCHMOa 

^DCHACK2 

[JdCHACKs 

^DCHACK4 

^DCHPOUT 

^DCHPIN 

^STRBA 

^DCHM04 

jTCi 

IITC2 

^DIRINT 

Z]iBi2 

JlBlO 

J lis 



® |3l is a registered trademark of Fairchild Camera & Instrument Corp. 
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F9449 Signal Functions 
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SB 
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Fig. 1 F9449 Block Diagram 
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6-63 



F9449 



Register Operation 



F9449 I/O Cycle 



The eight F9449 registers (IVIA1.4, WC1.4), shown in 
figure 1, provide four fully independent data channels, 
numbered 1 to 4, each of which is capable of trans- 
ferring up to 32K 8-bit bytes or 16-bit words, depending 
upon whether it is strapped for byte-mode or word-mode 
operation. Figure 2 Illustrates the data formats of these 
registers. 

A word count (WC) register associated with each 
channel contains the number of bytes or words to be 
transferred by that channel. The WC registers, which are 
loaded with the twos complement of the number of bytes 
or words, are automatically incremented after each DCH 
cycle (i.e., after every byte or word transfer), regardless 
of operating mode. When a WC register increments from 
all ones to zero, a terminal count (TC) signal for that port 
is set by the F9449. This Is normally wired to the F9447 
bus controller or F9448 multiport interface to generate 
an interrupt to the F9445. (Figures 3 and 4 illustrate 
system configurations using the F9447 and F9448, 
respectively.) The TC signal can optionally be used to 
terminate any further requests from that peripheral 
channel. 



The F9449 registers are under software control. They are 
loaded with starting address and word count information 
through F9445 programmed output instructions, which 
are decoded by the F9447 I/O controller or F9448 
multiport interface. The F9445 also gener ates the clock 
(CLK), synch ronize ( SYN), address strobe (STRBA), and 
data strobe (STRBD) bus timing signals. (Figure 5 
illustrates the I/O cycle timing; refer to the "Timing 
Characteristics" section for a description of the cycle 
characteristics and specifications.) 

The F9447 or F9448 selects the reglsterjo be loaded by 
generating the appropriate port select (PS) signal, 
toget her with input/output enable (lOEN) and strobe 
(STR) signals, as shown in table 1. The low-to-high 
transition of the STR signal during the write time loads 
the addressed port WC or MA register, selected by the 
memory address enable (MAREN) signal, with data from 
the information bus. 

All eight registers are cleared when master reset (MR) 
goes low to allow hardware implementation of auto 
load/bootstrap routines (i.e., to fill the memory beginning 
at address 0). 



Figure 2 Register Data Formats 






1 




15 


w 


MSB 


Word Count (Twos Complement) 


LSB 



The F9445 can read the contents of any register by 
means of a programmed input instruction, which is 
decoded by the F9447 or F9448 in the same manner as 
the output instruction. 

F9449 DCH Cycle 



Format for word- or byte-count register load 
(MAREN = 0). Word count rangejs from -2"'5 to 1 
(loaded with twos complement). W is an internal 
direction bit: is from peripheral to memory; 1 Is from 
memory to peripheral. 



15 



MSB 



Memory Address 



LSB 



Format for memory address register load (MAREN = 1). 
Address range is from to 216-1. 



A memory address (MA) register associated with each 
channel contains the address at which the next transfer 
is to occur; each MA register provides a 16-bit address 
space (0 to 65535). The MA registers are incremented 
after each transfer in word mode and after every second 
transfer In byte mode. 



A periph eral d evice requests service by asserting its 
request (REQJ line to the F9449, which then d etermines 
priority and generates a data channel request (DCHREQ) 
signal to the F9445. After completing it s current program 
instruction, the F9445 responds to the DCHREQ or data 
channel request performing a DCH cycle, which is a long 
bus cycle similar to an F9445 nnemory cycle, but with the 
information bus and the write (W) line not driven. 

The F9445 sets the bus control lines as follows: M high, 
O1 low, and Oo high (i.e., M, O1, Op to 101). It then 
generates the CLK, SYN, STRBA and STRBD bus timing 
signals. The high-to-low transition of STRBA latches the 
priority resolution logic, and starts the Internal DCH 
sequence of the F9449. The F9449 asse rts the 
appropriate data channel acknowledge (DCHACKn) line 
to signal the requesting peripheral and the F9447 or 
F9448 that a DCH cycle for it has begun. This may cause 
the peripheral to remove the REQn signal. (Figure 6 
illustrates the DCH cycle timing; refer to the "Timing 
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Fig. 3 F9449/F9447 Configuration 
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Fig. 4 F9449/F9448 Configuration 
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Table 1 F9449 I/O Control 


Signal State 


Operation Performed 


lOEN 


w 


MAREN 


PSi 


PS2 


PS3 


PS4 


STR 



X 


X 
X 


X 
X 


X 

1 


X 

1 


X 


X 

1 


X 

1 


No operation 
No operation 


1 
1 








1 


* 


* 




* 


u 
u 


Loads IB data into selected word count register 
Loads IB data into selected memory address register 


1 
1 


1 
1 




1 


* 


* 




* 


X 
X 


Loads selected word count register data onto IB 
Loads selected memory address register data onto IB 



*One active-low input, selected by programmed I/O instruction device code. 

Note 

Multiple port selects result in unpredictable results. 

= Low 

1 = High 

X = Don't care 

U = Low-to-high transition 



Fig. 5 Programmed I/O Timing 
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Characteristics" section for a description of the cycle 
characteristics and specifications.) 

During the address phase of a DCH cycle, the F9449 
determines which peripheral is to be served, places the 
contents of the appropriate MAj;eglster onto the 
Information bus and drives the W line to the memory 
controller so that the memory performs either a read or a 
write cycle. If Internal direction (DIRINT) is high, 
read/write selection can be programmed from the F9445 
as the most significant bit of the WC register contents 
load. When this bit is at a logic it causes a read of 
memory. If the DIRINT pin is low, the read/write 
selection is controlled by the peripheral through a data 
channel mode (DCHMOJ signal. A high DCHMO^ signal 
indicates a memory read (DCH out operation)^ If required, 
the data in enable (DIEN) and second byte (SB) lines are 
also asserted at this time. 

The F9449 RDYA signal causes the microprocessor to 
generate three additional F9445 address strobe (S1G) 
states, allowing the address sufficient time to propagate 
from the F9449 to the memory controller. 

The F9449 does not actually perform the data transfer 
between memory and peripheral. Instead, the end of the 
STRBA signal causes the F9449 to stop driving the 
address onto the information bus and allows the F9447 
or F9448 to provide data control during the data phase of 
the DCH cycle. It enables a peripheral three-state input 
buffer, or strobes data out from the IB into the 
peripheral. The data phase of the DCH cycle can be 
extended as required by additional data (S3) states 
generated from the F9445 In response to the F9447 or 
F9448 data ready (RDYD) output being low. 

Because it must communicate with the peripheral during 
F9445 programmed I/O cycles, the F9447 or F9448 
normally accommodates the data timing peculiarities of 
the peripheral. 



The end of the data strobe (STRBD) causes the WC and 
MA registers to increment, a TC signal to be asserted (_if^ 
the WC re gister has reached zero), and terminates the W, 
DCH ACKn, RDYA, and SB signals. 



Priority Arbitration 



four F9449 controllers by interconnecting the data 
channel priority out (DCHPOUT) of a higher priority 
controller to data channel priority in (DCHPIN) of the 
next, thereby permitting the system to serve a total of 16 
data channel peripherals. 

Priority resolution occurs during every cycle, at the high- 
to-low transition of the S YN signal. In a multiple-F9449 
system, all pending REQn inputs are latched at that time, 
and the DCHPIN/DCHPOUT signals ripple from device to 
device. 

Priorities are reestablished during every cycle, including 
"short" F9445 cycles. Additional states are generated by 
the F9449 address ready (RDYA) signal to allow priority 
ripple when the F9445 responds to a DCH request from a 
"wait" cycle. 

Signal Descriptions 

The F9449 input and output signals are described in 
table 2. 

Timing Characteristics 

The timing characteristics of the F9449 are illustrated in 
figure 5 (Programmed I/O Timing) and figure 6 (Data 
Channel Cycle Timing). 

The abbreviated symbol convention used for timing 
parameters in this data sheet is TAb(C)d, where: 

• Timing symbols all begin with the letter "T". 

• The mnemonic in the position represented by "A" 
indicates the signal node beginning the interval. 

• The mnemonic in the position represented by "b" 
defines the direction of signal transition at the 
beginning node, if such definition is necessary; 
the hew state of the signal may be low (I), high (h), 
3-state (z), don't care (x), or valid (v). 

• The mnemonic in the position represented by "C", 
which always appears in parentheses, indicates the 
signal node ending the interval. 

• The mnemonic in the position represented by "d" 
is the same as "b", but refers to the state of the 
signal at the node indicated by the mnemonic in 
position "C". 



The F9449 arbitrates DCH requests from multiple 
peripherals on a fixed-priority basis, with channel 1 
having the highest priority and channel 4 the lowest. The 
priority arbitration scheme allows cascading of up to 
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Figure 6 Data Channel Cycle Timing 
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Table 2 F9449 Signal Descriptions 



Mnemonic 



Pin No. Name 



Description 



Clock 

CLK 



56 



Clock 



An input signal from the F9445. The rising edge of the single- 
phase system clock causes action in the F9449. This line can 
also be single-stepped for debugging. 



CPU Handshake 

SYN 59 



Synchronize An active-high input signal from the CPU that maintains 

system timing. The start of SYN indicates the start of a CPU 



STRBA 



RDYA 



STRBD 



41 



Address Strobe An active-low input signal from the F9445. In a DCH cycle, the 

low-to-high transition is used by the memory controller to 
strobe the memory address from the IB into the selected MA 
register. (This can be delayed indefinitely by RDYA.) 

Address Ready An active-high open-co llector output signal to the F9445. A 

low level prolongs the STRBA signal to allow time for the 
F9449 to perform priority resolution and propagate the 
memory address to the memory controller over the IB. 

Data Strobe An active-low input signal from the F9445. The low-to-high 

transition during a DCH cycle causes the selec ted WC and 
MA registers to increment and the W, DCHACK^, RDYA and 
SB signals to terminate. 



Memory 

ME 



57 Memory Enable An active-low output signal to the memory controller. When_ 

low, it informs the memory controller that either the F9445 M 
is low or a DCH cycle is in progress. 



CPU Cycle Type 

M 55 



54 
53 



W 



Memory 



Memory or 
I/O Function 



Write 



An active-low input signal from the F9445 that serves as a 
status indicator. When it is low, the F9445 is performing a 
memory cycle. 

Active-high "O" line input signals from the F9445, used with 
the M input to Indicate the type oJ[_ cycle the F9445 Is 
performing. During a DCH cycle, M, O^, Oq are set at 101. 

An active-low input/output signal to and from the components 
in the system, normally driven by the F9445 to control the read 
and write operations. Placed in a high-impedance state by the 
F9445, during a DCH cycle, when it is driven by the F9449, it is 
low if the system is writing to memory and high if the system 
is reading from memory. 
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Table 2 F9449 Signal Descriptions (Cont.) 



Mnemonic 



Pin No. Name 



Description 



Information Bus 
Signals 



1-4 Information Bus A set of 16 input/output signals to and fronn the system. This 

28-31 active-low, bidirectional bus is used to load and examine the 

33-36 contents of the selected WC and MA registers. Th ese sig nals 

60-63 are driven by the selected MA register during the STRBA state 

of an F9449 DCH cycle_^The most significant bit is IBqI the 

least significant bit is IB^g. 



Data Channel 

DCHPIN 



DCH POUT 



DCHREQ 



42 



43 



58 



Data Channel 
Priority Input 



Data Channel 
Priority Output 



Data Channel 
Request 



An active-high input signal from a higher-priority F9449 that is 
used to extend priority resolution logic throughout a multiple- 
F9449 system. When this signal is low, it prevents the F9449 
from being in a DCH cycle. The highest priority F9449 should 
have DCHPIN connected high. 

An active-high output signal to a lower-priority F9449 that is 
used to extend priority resolution logic throughout a multiple- 
F9449 system. When the signal Is high, none of the four 
channels are requesting a DCH cycle and DCHPIN Is high. 

An active-low open-collector output used by the F9449 to 
request a DCH from the F9445. Multiple simultaneous 
requests will be sorted by priority resolution logic during a 
DCH cycle and will result in additional consecutive DCH 
cycles. A low level requests a data channel cycle. 




Data Buffer 
Control 

DIEN 



Reset 

^1R 



Peripheral Port 
Control 



20 Data In Enable An active-low output signal that can be used to enable an 

optional bus transceiver placed between the F9449 and the IB. 
When low, the F9449 is putting out an address during a DCH 
cycle or data during an I/O read operation. 



17 Master Reset An input signal that Is active-low from a power-up, front-panel, 

or programmed initialization signal. It is used to load the WC 
and MA registers with zeros, set the internal direction control 
bit to zero , set the four TO signal lines high and clear the four 
DCHACK lines. 



REQ^-REQ^ 



52 
51 
50 
49 



Port Request A set of four active-low input signals from the 

corresponding requesting peripherals. A low signal on a ReS^ 
line Indicates that its associated peripheral wishes a DCH 
cycle. Priority resolution logic ar bitrate s multiple requests and 
generates a sing le acknowledge, REQ^ having the highest 
priority and REQ4 the lowest. 



6-71 



F9449 



Table 2 F9449 Signal Descriptions (Cont.) 



Mnemonic 



Pin No. Name 



Description 



DCHACK t 
DCHACK. 



TC1-TC4 



6 

46 
45 
44 



39 
38 
27 
26 



Data Channel 
Acknowledge 



Terminal Count 



A set of four active-low output signals to the requesting 
peripherals and to the F9447 or F9448. When low, it informs 
the appropriat e periphe ral that Its requested DCH cycle Is in 
progress, the DCHACK signal is used by the peripheral to 
clear the REQ^ line. It Is also used by the F9447 or F9448 and 
by the peripheral to enable data buffers to and from the IB. 

A set of four active-high output signals to the associated 
peripherals, Indicating completion of a DCH block. When a 
WC register Is incremented to zero during the last phase of a 
DCH cycle, the corresponding TC line goes high. When the 
WC register Is loaded with any value from the IB during an I/O 
write operation to the F9449, the corresponding TC line is 
cleared to low. All four TC signals are set high by a low level 
on MR. 



PS. 



12 
13 
14 
15 



Port Select A set of four active-low input signals from a programmed 

I/O device. The IB bits are decoded by an F9448, which 
outputs a port select signal to the F9449. When low, the 
associated port Is selected during an I/O read or write 
operation. No more than one PS line should be low at a time. 



21 
22 
23 
24 



Byte Mode A set of four active-low input lines that are used to 

establish operating modes. When strapped low, the 
corresponding channel is set for 8-bit byte-mode operation; 
when strapped high, the associated channel is set for 16-bit 
word-mode operation. 



DCHMO4 

BYTE Status 

SB 



Register Control 
Signals 



18 Data Channel A set of input signals from the requesting peripherals. When 

19 Mode Out DIRINT is low, a DCHMO^ low Indicates that the 

47 corresponding peripheral is writing to memory during a DCH 

40 cycle (IN). When the DCHMO^ signal is high, it indicates that 

the peripheral is reading from memory (OUT). 



25 Second Byte An active-low ope n-collec tor output signal to the memory 

controller. During STRBD timing, this signal Is high during the 
first byte of a byte-mode DCH cycle and low during the 
second byte of a byte-mode cycle and during every word In a 
word-mode DCH cycle. It can be used to s trobe e ither the left 
or right half of the memory array during a STRBD operation. 



lOEN 



11 



Input/Output An active-high input signal from the F9447 or F9448. It is used 

Enable to enable the F9449 when the F9445 wishes to read from or 

write to a WC or MA register during an I/O cycle. When the 
signal is high, a programmed I/O operation is in progress. 
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Table 2 F9449 Signal Descriptions (Cont.) 



Mnemonic 



Pin No. Name 



Description 



MAREN 



STR 



10 



Memory Address 
Register Enable 



Strobe 



An active-high input signal from the F9447 or F9448. It is used 
to select the source/destination register for an F9445 
programmed I/O operation. A high signal selects an MA 
register; a low signal selects a WC register. 

An input signal from the F9447 or F9448. The low-to-high 
transition causes the F9449 to load the IB data into the 
selected WC or MA register during an I/O write operation. 



DCH Direction 
Control 

DIRINT 



37 



Internal Direction 



Input line that is used to establish the control source of the W 
line. When DIRINT is high during a DCH cycle, the W line is 
controlled internally by IBq, the most significant bit of tjie 
data word in the WC register. When DIRINT is low, the W line 
is controlled externally by the DCHMO^ input from the 
corresponding requesting peripheral. 




It may be driven low by selected DCHACK^ outputs if some 
channels need Internal control and others external control: 



Power 



GND 



64 Power Supply Supply voltage ( + 5 Vdc). 

32 Injection Current A constant 250 mA current supply; may be derived by use of 

an external resistor to \/qq. (Nominal W^^^j = 1.2 V.) 

16, 48 Ground Common power and signal return. 
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Table 3 


DC Characteristics 








Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Test Conditions 


ViNJ 


Injector Voltage. 




1.3 




V 


liNj = Max 


VlH 


Input High Voltage. 


2.0 






V 


Guaranteed Input High Voltage 


ViL 


Input Low Voltage. 






0.8 


V 


Guaranteed Input Low Voltage 


VcD 


Input Clamp Diode Voltage. 




-0.9 


-1.5 


V 


Vcc = Min, liN = -18 mA, Iinj = Min 


Vqh 


Output High Voltage. 


2.4 


3.2 




V 


Vcc = Min, Iqh = -400 /aA, 
Iinj = Min 


Vol 


Output Low Voltage. 




0.2 


0.5 


V 


Vcc = Min, loL = 8.0 mA, Iinj = Min 


llH 


Input High Current 
All Inputs. 






1.0 


mA 


Vcc = Max, ViN = 5.5 V, 
Iinj = 300 mA 


IlL 


Input Low Current. 




-0.21 


-0.4 


mA 


Vcc = Max, VjN = 0.4 V, Iinj = Min 


Iqzh 


Output Off (High-Impedance) 
State High Current IB0-IB15, W. 






100 


;.A 


Vcc = Max, VouT = 2.4 V, 
Iinj = Min 


loZL 


Output Off (High-Impedance) 
State Low Current IBo-IBi5, W. 




-210 


-500 


/.A 


Vcc = Max, VouT = 0.4 V 
Iinj = Min 


lOSH 


Output Short Circuit Current. 


-15 




-100 


mA 


Vcc = Max, Vqut = 0.0 V, Iinj = Min* 


Iloh 
Ohh 


Output Leakage Current (Open 
Collector) RDYA, SB, DCHREQ. 






1.0 


mA 


Vcc = Min, Vqh = 5.25 V, 
Iinj = Min 


Ice 


Supply Current. 




125 




mA 


Vcc = Max, Iinj = Min 



*Not more than one output to be shorted at a time. 



Absolute Maximum Ratings 

These are stress ratings only, and functional operation 
at these ratings, or under any conditions above those 
indicated in this data sheet, is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
expo&ure to stresses greater than those listed may 
cause permanent damage to the device. 

-65°C, -H150;C 
-55°C, -H125X 
-0.5 V, -h6.0 V 
-0.5 V, +5.5 V 
- 20 mA, -f- 5 mA 
-0.5 V, +5.5 V 
+ 20 mA 
+ 500 mA 
-0.5 V, +2.0 V 



Recommended Operating Ranges 



Storage Temperature 

Ambient Temperature Under Bias 

Vcc Pin Potential to Ground Pin 

Input Voltage (dc) 

Input Current (dc) 

Output Voltage (Output HIGH) 

Output Current (dc) (Output LOW) 

Injector Current (Iinj) 

Injector Voltage (Vinj) 



Part Number 


Supply Voltage (Vcc) 


Min 


Typ 


Max 


F9449DC 
F9449DM 


4.75 V 
4.5 V 


5.0 V 
5.0 V 


5.25 V 
5.5 V 


Part Number 


Injector Current (Iinj) 




Min 


Typ 


Max 


F9449DC 
F9449DM 


200 mA 
200 mA 


250 mA 
250 mA 


300 mA 
300 mA 


Ordering Information 


Order Code 


Temperature Range 


F9449DC 
F9449DM 


OX to +75X 
-55Xto +125^0 
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Single-Chip iVIIcroprocessor 



Advance Product information 



Microprocessor Product 



Description 

The Fairchild F9450 Is a 16-blt single-chip bipolar VLSI 
microprocessor with on-chip hardware floating-point 
capability. The 64-pin F9450 CPU provides 16 registers to 
fully implement all standard Instructions, including 
interrupts, single and double precision arithmetic, and 
32- and 48-bit floating point. The F9450 Implements the 
entire MIL-STD-1750A Instruction set. 

The microprocessor will directly address 64K words of 
memory, and with the addition of the F9451 memory 
management will handle one million words. 

• Singie 64-Pin iVIIcroprocessor impiements i^iL-STD 
1750A Instruction Set Architecture 

• Singie and Double Precision Arithmetic (16 and 32 
bits), with 16 general-purpose registers 

• 32- and 46-Bit Floating Point Arithmetic Implemented 
On-Chip 



• Real-Time Processing with 16 Levels of interrupt 
Vectors, DIVIA, 128 I/O Channels, and Two 
Programmable Timers 

• Directly Addresses 64K Words; Extendable to 1 M 
Words with MIVIU 

• Extensive Fault Detection and Debugging Capability 
with IMIcrocoded Console Support and Self Test 

• Provides for Multiprocessor Implementation 

• I^L® Technology 

• Operating Temperature Range of from - 55^C to 
-l-125''C 

• 64-Pln DIP or Optional Leaded Chip Carrier 

• Low Power Schottlcy I/O 

• Single -l- 5 V Supply 

• Power Dissipation Approximately 2.5 W 

• Radiation-Tolerant Technology 

Figure 1 illustrates the CPU logic, and figure 2 shows 
the configuration of the CPU with the memory 
management unit (MMU) and the block protect RAM 
(BPR). 




Signal Functions 





RESET 


F94S0 
(1750ACPU) 


EXT REQUEST 






CPU CLK 


ADDRESS/ DATA 16 




TIMER CLK 




MEMORY PROTECT ERR 


ADDRESS STROBE 






READY ADDRESS 






DATA STROBE 






MEMORY PARITY ERR 


READY DATA 






PIO CHNL PARITY ERR 


DIRECTION 


\ MEMORY/10 
f BUS 




DMA CHNL PARITY ERR 


MEMORY 10 




FAULTS < 


EXT ADDR ERR 


INST/DATA 






PIO CHNL XMSN ERR 


SYNC 






FAULT BIT 7 


BUS BUSY 






SYSTEM FAULT 


AS/PS 4 


STATUS 
BUS 

1 MULTI 
> PROCESSOR 
INTERFACE 




^ DMA REQUEST^ 


NML PWR UP 


DMA J 


^ DMA ACKNOWLEDGE 


MAJOR ERR 


CONTROL ^ 


DMA ENABLE 


UNRECOVERABLE ERR 




^ PWR DOWN 


BUS REQUEST 




USER 6*^ 


BUS LOCK 




lOL 2 


BUS GRANT 









® PL is a registered trademark of Fairchild Camera and Instrument 
Corp. 
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Figure 1 CPU Logic Diagram 
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REQ FILE 
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(2) 
TEMP REG 

(4) 



vllL- 



,/16 



BUS 

REG 

(1) 

(MDR) 



TO CONTROL UNIT 



TIMER 
CLK 






32x16 
CONST 
ROM 



MULT 
DIV 



MULT 

DIV 

COUNTER 



/ 



ADDRESS 
DATA 



SHIFTER 



16 /ALU 



i 



1 i" F 



INTRPT REG 




FAULT 
REG 


INTERRUPT PROCESSOR 


INTRPT 
MASK 




PRIORITY 
RESOLVER 



/" 



INSTR 

COUNT 

(l/C) 



- INTERNAL BUS 



ADDR 

DATA REG 

(MAR) 



INC/DEC 
COUNTER 



"16 



A BUS— 7^ 



Figure 2 CPU Systems 





RESET 


. 


CPU 


EXT REQUEST 






EXT ADDR (EXT 7) J EXT ADDRESS (BPO BP7) » 




CPU CLK 


ADDRESS/DATA 


y^®« 








TIMER CLK 




MMU 


BPR 




ADDRESS STROBE 


' 








READY ADDRESS 




READY EXT ADDRESS ^onocecmATA 16 


MEMORY PROTECT ERR 


DA lA STRODE 










- 


ADDRESS STROBE^ ^ 




READY DATA 








RES (RO R2) 




DATA STROBE 


EXTERNAL. 
FAULTS'! 


PIO CHNL PARITY ERR 


DIRECTION 






DMA CHNL PARITY ERR 


MEMORY/10 






DIRECTION 


EXT ADOR ERR 


INST/DATA 




MEMORY/10 


PIO CHNL XMSN ERR 


SYNC 






INST DATA 




FAULT BIT 7 


BUS BUSY 


MEMORY PROTECT ERR 


BUS BUSY 


SYSTEM FAULT 


AS/PS ,4 








DMA ACKNOWLEDGE 




, DMA REQUEST 


NML PWR UP 






_ 


DMAJ 


' DMA ACKNOWLEDGE 


MAJOR ERR 


' 






MEMORY 

PROTECT 

ERR 




CONTROL 


DMA ENABLE 




UNRECOVERABLE ERR 


MULTI 

PROCESSOR 

INTERFACE 












/PWRDOWN 




BUS REQUEST 








INTERRUPTS^ 


USER y 6 




BUS LOCK 


\\ 




IDL ^2 




BUS GRANT 


■] 




GLOBAL 
MEMORY 
PROTECT 




i ^ 
















ENABLE 
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Memory Management Unit 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9451 Memory Management Unit (MMU) 
provides the logical-to-physical address translation for 
instructions and operands in the MIL-STD 1750A 
configuration. The MMU serves to expand to one million 
words the direct addressing of the F9450 CPU, 
and provides protection in logical space units of 4K-word 
pages for access key, write, and execute instructions. 
Figure 1 illustrates the addressing structure, and figure 2 
shows a block diagram of the MMU. 



• Logicai-to-PhysJcal Address Transiation for 
instructions and Operands 

• One Miilion Word Addressing Space 

• Protection in 4K-Word Pages for Access Key, Write, 
and Execute 

• instruction and Operand Maps 

• |3L® Teclinology 

• Operating Temperature Range of from - SS'^C to 
-H25»C 

• Radiation-Toierant Technology 

• 64-Pin DiP or Optional Leaded Chip Carrier 



Figure 1 Addressing Structure 



ACCESS FAULT 



LOCK & KEY 
ACCESS 
PROTECT 



PROCESSOR 
STATE (PS) / "a 



STATUS BUS 



(EXECUTE PROTECT) 

^ (Instruction Access) "^ 

W (WRITE PROTECT) 

'^ (Operand Access) 




PROTECT 
LOGIC 



MEMORY 
PROTECT ERR 



EXTENDED 



^ EA(0-7) (Physical) ADDRESS" 




1 


AUl&l 1 


PPA 1 




-1^1 


PPA 1 



ADDRESS/DATA (AD0AD15)^ 
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Figure 2 


F9451 MMU Block Diagram 
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r^ 
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Block Protect RAM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9452 Block Protect RAM (BPR) unit 
provides write protection in physical memory for the CPU 
and DMA in blocks of 1K words. The BPR also provides 
global write protection from initialization until enabled. 
Figure 1 is a block diagram of the BPR. 

• I^L® Technology 

• Operating Temperature Range From -55°C to +125**C 

• Radiation-Tolerant Technology 

• 64-Pin DIP, or Optional Leaded Chip Carrier 



Figure 1 F9452 Block Diagram 



r~ 
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® PL is a registered trademark of Fairchild Camera and Instrument 
Corp. 
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F9470 

Communication and 
Console Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F9470 Communication and Console 
Controller is an LSI MOS device that provides the 
Fairchild F9445 16-bit I^L® microprocessor with virtual 
console control functions via a pair of asynchronous 
communication ports. 

The F9470 provides a variety of useful console functions, 
including examine and deposit to memory and 
accumulators, jump to a specified location, and trace the 
F9445 instruction execution. 

The F9470 operates in two modes: console control and 
I/O service. In the console mode, all communication with 
the F9445 is controlled by the F9470, which interprets 
the seven console commands, requests the appropriate 



Connection Diagram 



information from the F9445, and then outputs it to the 
operator's terminal. 

In the I/O service mode, the F9470 acts as a serial I/O 
controller, interfacing the serial I/O devices to the F9445 
through device codes 10-13 and 77. The console 
commands are not available while in the I/O service 
mode: all I/O in this mode must be programmed through 
the F9445. 

• Accesses Microprocessor Internal Registers 

• Two Asynchronous Serial Ports 

• Allows VDU to Operate as a Console for an F9445 
System 

• 40-Pin DIP Requiring Single +5 V Power Supply 

• NMOS Technology. 

Figure 1 illustrates the pin configuration of the console 
controller. 



Signal Functions 




x-C 


1 ^ 40 


JVco 


xC 


2 


39 


3 MR 


OoC 


3 
4 
5 


38 
37 
36 


^ EXREQ 


0-L 


^ INTREQ 


"L 


J CONREQ 


INTPIN ^ 


6 


35 


^ BUSGNT 


NCL 


7 


34 


[] RDYACK 


iBi5[; 


8 


33 


J.B, 


iBuC 


9 


32 


3'B. 


IBiaC; 


10 


31 


jr.. 


1812 L 


11 


30 


J<s, 


1^11 L 


12 


29 


jrs. 


IBioC 


13 


28 


^iBj 


.BsL 


14 


27 


3'B, 


IBsC 


15 


26 


3 So 


RXDi[; 


16 


25 


:iNc 


RXD2[; 


17 


24 


^NC 


TXDi[; 


18 


23 


JNC 


TXD2[; 


19 


22 


IJrdyd 


gndQ 


20 


21 


JNC 



CRYSTAL/ i 
CLOCK I 



CPU 
CYCLE 
TYPES 



ASYNCHRONOUS 

SERIAL 

PORTS 1 AND 2 



CONTROL < 



(LSB) 



M 
Oi 
Oo 
INTPIN 

MR 

TXDi 
RXDi 
TXDa 
RXDo 



INTREQ 



CONREQ 

BUSGNT 

RDYD 

RDYACK 

EXREQ 



IB 

IB 

IB 

IB- 

IB- 

iBio 
IBg 
IBs 
IB7 
IBs 
IBs 
IB4 
IB3 
[62 

-^ 
IBo 



Vcc 
GND 



v information 
/bus 



® PL is a registered trademarl< of Fairchild Camera and Instrument 
Corp. 
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Figure 1 Pin Configuration of the Console Controller 
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The three jumpers in figure 1 perform the following functions. 



Jumper Name 



Description 



J1 



J2 



INTA ENABLE 



DS77 ENABLE 



Jumpered low, the F9470 Is the highest pr oirity I/ O device, or the only I/O device in the 
system. Removing the jumper and driving INTPIN provides a daisy-chain priority-interrupt 
scheme. A high level on this pin allows Interrupts from the I/O terminal to be disabled when 
a device with a higher priority interrupts the CPU. 

With this jumper in place, the F9470 responds to device code 77 (octal) programmed I/O 
instructions. Removing the jumper allows faster Interrupt response to a system device that 
interrupts the CPU at a higher frequency. Notice that MSKO, INTA, and lORST are no longer 
available with the jumper removed. 



J3 F9470 I/O Connect the jumper to ground to use the I/O service mode. The F9470 decodes and executes 

SERVICE I/O instructions for a processor in order to control the serial output. The F9470 responds to 

ENABLE device codes 10, 11, 12, 13, and 77 (teletype In and out, paper tape reader and punch, CPU), 

and stalls the CPU to get time to decode and respond to the instructions using these device 
codes. 



Console IVIode Operation 

The procedure used to communicate with the F9470 in 
the console mode Is as follows: 

Entering Data and Commands 

The console prompt is an asterisk(*), which indicates the 
F9470 will accept commands. The commands are 
executed by typing the desired capital letter or, where 
appropriate, the octal number(s) and letter. No carriage 
return (CR) is necessary. Once within the examine (E) 
mode, some keystroke is used to complete each 
individual entry. The strokes are (CR) and A. Each closes 
the present entry, and then respectively goes to the next 
or previous address location. To write a program with the 
E command, enter the octal values equivalent to the 
F9445 binary Instruction codes. (See the F9445 data 
sheet for a description of the instruction set.) 

Recovering from Keystroke Error 

If an error is made by typing the wrong letter command, 
there Is no recovery, since execution begins immediately. 
There are many ways to correct data errors. 
(Characteristics vary among terminals; the following text 
refers to what occurs when using the Zenith terminal.) 



3. 



5. 



Force an overflow. The F9470 buffer accepts six 
octal numbers, so only the last six entries will be 
used. For example, 77777777 Is interpreted to be 
177777. Only the least significant bit of the most 
significant number is read. 

CTRL-H. This backs up over each mis-typed number 
and echoes each entry, so the number of character 
deletions is apparent. 

Pressing the backspace key is identical to pressing 
CTRL-H. 

Pressing any key other than through 7, or any 
accepted command letter, returns to the console 
mode. 

After executing the examine command, xxxE, 
pressing any key other than through 7 &(iCR), or A 
returns to the console mode. 



Return to Console Mode from I/O Service 

BREAK (or CTRL-BREAK) enters the console mode from 
the I/O service mode. The F9445 will continue execution 
of any currently running code. (BREAK and CTRL-BREAK 
are keystrokes. Some terminals require that the key 
labeled CONTROL be held while the BREAK key is 
struck.) 



6-83 



F9470 



The seven console commands processed by the F9470 are given in table 1. 



Table 1 F9470 Console Mode Commands 



Command Description 



A Displays seven fields, the present octal contents of the PC, AGO, AC1, AC2, ACS, SP, and FP registers. PC 

contains the next instruction to be executed. 

n,vC Changes any of six registers to the new octal value, v. To select which register, choose the octal code 

associated with that register. 

Octal code (n): 1 2 3 4 5 

Register: ACO AC1 AC2 AC3 SP FP 

If V is omitted, the chosen register is set to 0. Comma is the only proper delimiter to use. 

xE Examines the contents of the memory cell at address x. The address and Its present octal contents are 

displayed on the terminal. New octal contents may then be typed. A carriage return enters the new value and 
closes the cell. The next address (x + 1) and its contents are then displayed, and its new value can be typed. 
Entry continues in sequential locations until the ESC key is pressed and terminates the examining session. 
Pressing multiple carriage returns effectively displays the contents of consecutive cells. If a (circumflex) is 
pressed Instead of (CR), an open cell is closed, new data (If any) is entered, and the previous address cell Is 
opened. 

xJ Jumps to location x and begins executing the program located there in F9445 absolute assembly language. 

Transfers from console mode to service I/O mode. 

xR Jumps to location x and begins program execution. This is Identical to the jump (J) command, except the 

F9470 remains in the console mode. The console responds to keystrokes, such as A, T, or more R 
commands. When the R command is used, the F9470 does not respond to I/O instructions from the F9445, 
and program execution halts when another console command (e.g., A) is entered, Back-to-back R commands 
are not recommended. 

S Allows the user to reset the baud rate. Issue this command, attach the CRT cable to another device or re-set 

the baud rate of the terminal in use, then press (CR). The software of the F9470 sets the board baud rate to 
agree with the rate of the attached device. A second rate can then be software-programmed, in accord with 
the restrictions noted in figure 2. 

nT Traces through the user program n (octal) steps, beginning at the address pointed to by the PC counter or 

where the previous trace left off, whichever was last. If n = or 177777, it will trace forever; if n is omitted, 
it traces one step. To start tracing at location x, set the PC counter to x with the command xE, then press 
the ESC key to terminate the examine mode; finally, use the appropriate T command to begin tracing. For 
every program step that is traced, the command T displays eight fields: the memory address, the instruction 
In octal form, the four accumulators, the stack pointer, and the frame pointer. 
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I/O Service Mode Operation 

When performing I/O functions with the F9470, the 
following restrictions should be noted. 

1. The busy flag is not set with input device codes 10 
and 12, therefore, SKPBZ and SKPBN should not be 
used with these codes. 

2. The F9470 requires some time after clearing the 
done flag to remove the associated interrupt 
request. When performing interrupt-driven I/O to the 
F9470, the operator needs to add a delay between 
the clear request and the next INTEN. Alternatively, 
the Interrupt handler must be able to tolerate a 
bogus interrupt from the F9470. In this latter case, 
an INTA command will return a zero (0), which the 
interrupt handler should ignore, and then re-enable 
interrupts. 

When in the I/O service mode, the F9470 responds to the 
F9445 data control instructions presented in table 2. 
These commands are a subset of the F9445 mnemonic 
instructions described in the F9445 data sheet. 

Table 2 F9470 I/O Service Instructions 



The F9470 responds to the interrupt control instructions 
listed in table 3 when in the I/O service mode. 

Table 3 F9470 Interrupt Control Commands 



Instruction 



Instruction 



Description 



Description 



lORST Clears all busy and done flags, 

disables interrupts. 

MSKO,ACC,CPU Enables or disables device 

interrupts by clearing or setting the 
interrupt disable flag in the device. 
The interrupt disable flag of each 
device is associated with a 
specific data line, and is set if its 
mask bit Is 1, cleared If 0*. 

INTA,ACC,CPU Reads device code of highest 

priority device that is requesting 
an interrupt. The 6-blt code is 
loaded into ACC bits 10-15. All 16 
bits are set to of no device is 
interrupting. 




DlAx ACC,DEV 
DOAx ACC,DEV 
NlOx DEV 

SKPBN DEV* 
SKPBZ DEV* 
SKPDN DEV 
SKPDZ DEV 



Data In from A 

Data Out from A 

No I/O; Used to Start or 

Clear a Device 
Skip if Busy = 1 
Skip if Busy = 
Skip if Done = 1 
Skip If Done = 



*NOTE: 














Intemjpt Disable Bits 














IB Bits 8 9 


10 


11 


12 


13 


14 


15 


Mnemonics 




PTR 




PTP 


TTI 


TTO 


Function 




CH2 
In 




CH2 
Out 


CHI 
In 


CHI 
Out 



NOTES: 

If X = S (start), set busy flag, clear done. 
If X = C (clear), clear busy flag, set done 
ACC = Accumulator 0, 1, 2, or 3. 
DEV = Device Codes = 10, 11, 12, 13 

* Note that Busy is not defined for input devices (TTI and PTR); hence, 
SKPBN and SKPBZ should not be used with these devices. 
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The F9470 responds to device codes 10, 11, 12, 13, and 
77, which are octal codes of the six least significant 
instruction bits: 



Device Code 



Mnemonic 



Description 



Action 



10 
11 
12 
13 
77 



TTI 


Teletype in 


Input on Channel 1 


TTO 


Teletype Out 


Output on Channel 1 


PTR 


Paper Tape Reader 


input on Channel 2 


FTP 


Paper Tape Punch 


Output on Channel 2 


CPU 


CPU 





Serial I/O 



Figure 2 Serial I/O Port Baud Rate Selections 



The F9470 has two asynchronous serial input/output 
ports. Each port can select 110, 300, 1200, 1800, 2400, or 
4800 baud. The initial carriage return after power-up or 
after typing the S command allows the software to 
define the first baud rate. The second rate is 
programmed according to the mnemonic keystroke next 
entered (see figure 2 for valid rates). The second baud 
rate must be less than or equal to the rate of the first 
one. 



MNEMONIC 




02 


1 


2 


3 


4 


5 


BAUD RATE 
FOR PORT 2 




<D 

C 

o 


o 


1 


1 


1 


8 




110 




*1 












300 


* 




* 










1200 


• 


* 


* 


* 






FIRST 
BAUD 
RATE 


1800 
2400 
4800 


*1 


* 


* 


* 




* 



* = Valid 2nd baud rate 

1. Automatically 

2. signifies no second line 
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DC Characteristics 

The dc characteristics of the console controller are 
provided in table 4. 

Table 4 Console Controller DC Characteristics 



F9470 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


'cc 


Power Supply Current 




100 


nnA 


Outputs Open 


Pd 


Power Dissipation 




550.0 


mW 


Outputs Open 


^IHEX 


External Clock Input HIGH Voltage 


2.4 


5.8 


V 




^ILHEX 


External Clock Input LOW Voltage 


-0.3 


0.6 


V 




'hex 


External Clock Input HIGH Current 




100 


mA 


V.HEX = 2.4 V 


'ilex 


External Clock Input LOW Current 




-100.0 


mA 


V.uEX = 0.6 V 


V,H 


Input HIGH Voltage 


2.0 


5.8 


V 




V,L 


Input LOW Voltage 


-0.3 


0.8 


V 




'iH 


Input HIGH Current (except open 
drain and direct drive I/O ports) 




100 


mA 


V,H = 2.4 V, internal pull-up 


',L 


Input LOW Current (except open 
drain and direct drive ports) 




-1.6 


mA 


V,L = 0.4 V 


'lod 


Leakage Current (open drain ports) 




±10.0 


mA 


Pull-down, device off 
VoH = 13.2 V 


loH 


Output HIGH Current (except open 
drain and direct drive ports) 


-100 




mA 


VoH = 2.4 V 


'OHDD 


Output Drive Current (direct drive ports) 


-1.5 


-8.0 


mA 


Vqh = 0.7 V to 1.5 V 


loL 


Output LOW Current 


1.8 




mA 


Vol = 0-4 V 


'OHS 


Output HIGH Current (STROBE Output) 


-300 




mA 


VoH = 2.4 V 


'OLS 


Output LOW Current (STROBE Output) 


5.0 




mA 


Vol = O-* V 



(T^ = 0°C to 70 °C, Vcc = 5 V ± 10%, I/O Power Dissipation = 100 mW) 
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Absolute Maximum Ratings 

These are stress ratings only, and functional operation 
at these ratings, or under any conditions above those 
indicated In this document. Is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may 
cause permanent damage to the device. 



Ordering Information 



Temperature (ambient) under bias 
F9470DC 
F9470DM 

Storage temperature 

Voltage on all open drain pins 

Voltage on all other pins, with 
respect to ground 

Power dissipation 



Part 
Number 


Package 


Temperature 
Range* 


F9470DC 
F9470DL 
F9470DM 


Ceramic 
Ceramic 
Ceramic 


C 
L 
M 



OX, +70X 
-55X, +125X 

-SSX, +150X 

-1.0 V, + 13.2 V 

-1.0 V, +7.0V 
1.5W 



*C = Commercial Temperature Range O'C to +70''C 
L = Limited Temperature Range -40''C to +85°C 
M = Military Temperature Range -55°Cto +125X 
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Section 7 
F16000 Microprocessor Family 



General 

The giant strides in semiconductor teclinology and tlie 
startling effect of large-scale integration on the 
price/perfornnance enhancement of computing and 
storage elements is a familiar theme in technical, 
business, and financial literature. Despite these ex- 
plosive advances, however, computer technology is still 
in its infancy. The rapidly accelerating pace of 
technology improvements is expected to continue 
through the 1980s, when the technology will reach the 
physical limits governing present materials and 
manufacturing techniques. New components and 
systems approaches will then continue the evolution, 
and the physics-based approach dealing with patterning, 
processing, and device modeling will be expanded to in- 
clude information-based aspects of design and architec- 
ture. 

As computing costs continue to rapidly decline, the 
number of applications is exploding. Computers have 
now permeated most facets of our lives— calculators, 
automobiles, appliances, telephones, banks, weapons, 
and even toys— and will continue to play an ever- 
increasing role. The greatest impediment in this trend 
has been and continues to be the software; software 
development and maintenance remain manpower- 
intensive and represent a growing percentage of total 
system cost. The high software cost and increased soft- 
ware demand have created a major problem for both the 
information processing and automation industries. 

Sound engineering and management disciplines have 
been moderately successful in controlling software cost 
and quality. However, it has become apparent that new, 
more powerful hardware architectural features are 
necessary to more consistently enhance cost and 
quality. 

The Fairchild F16000 16-bit microprocessor family, the 
CPU of which has a 32-bit internal structure, is designed 
to significantly reduce software costs while improving 
software quality by incorporating powerful features into 
Its architecture. These architectural features Include: 

Addressing 

Addressing and memory management have always been 
problems in software engineering. A great deal of 
designing and programming time, as well as computer 
time, is spent on address manipulation. In an attempt to 
reduce this problem, the number of addressing modes 
has proliferated; this. In turn, has led to increased pro- 
gramming difficulties, partly because certain addressing 



modes could only be used by some instructions. In addi- 
tion, addressing has been limited to a small space 
(about 64K bytes), requiring complex, error-prone 
schemes for segmenting large programs. The F16000, 
however, provides 16 megabytes of uniform, unseg- 
mented address space. Any data structure— word, dou- 
ble word, byte, or bit— may be addressed anywhere in 
the space by any instruction using any one of the 11 ad- 
dressing modes. This eliminates overhead, errors 
associated with memory-segment address calculation, 
and software compatibility problems for programs writ- 
ten for different address spaces. 

Virtual Memory 

Along with addressing main memory, management of 
total system memory hierarchy (fast 6\sK removable 
disk, magnetic tape, etc.) has been expensive, as well as 
a source of error. The F16000 provides facilities for 
system programs to treat combinations of various 
storage media as a single large memory space; large 
programs may be written without concern for size. The 
programmer need not worry about main or secondary 
memory management, paging, segmentation, swapping 
segments in and out of main memory, or locating the 
necessary data; the F16000 memory management unit 
manages the peripheral memory. If the required data for 
the instruction being executed in the F16000 CPU is not 
available in the main storage, the CPU can abort the 
instruction and return to the state existing prior to the 
execution of that instruction. The CPU then requests the 
necessary data and is free to perform other tasks until 
the data is available for re-execution of the aborted 
instruction. All this is totally transparent to the program- 
mer. Thus, the cost of extensive memory management 
routines and the potential associated errors are 
eliminated. 

Symmetry 

Exceptions to the rules, special cases, and arbitrary 
restrictions on the use of programming facilities con- 
tribute heavily to both cost and software errors. This is 
especially apparent In modern powerful machines, where 
perhaps a hundred instructions, together with ten ad- 
dressing modes, several data types, and classes of 
registers, make it difficult to keep track of which 
memory or register instruction can or cannot use which 
addressing mode. The F16000 architecture is totally sym- 
metric in terms of instructions, addressing, registers, 
and data-type handling. All instructions function in the 
same way for any of the registers in any addressing 
mode. 
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High-Level Language Support 

High-level languages have played a major7ole in reduc- 
ing software costs. For example, programnner produc- 
tivity is about 1.5 to 4.5 instructions per man-day using 
low-level assembly language for a complex program. Pro- 
ductivity rises to 9 to 16 instructions per man-day for the 
same program u3ing a high-level language. In addition, 
high-level languages are less cryptic and can be under- 
stood and modified more easily. In many cases, high- 
level language structures provide less error-prone soft- 
ware, thereby achieving a higher systein integrity level. 
The F16000 architectural features previously discussed, 
together with the support of arrays, queues, stacks, and 
records in addition to primitive data types (bits, bytes, 
etc.) are wellsuited to the efficient use of high-level 
language processing and compilation. 

Modularity 

Modularity is the design of small, self-contained in- 
dependent programs, called modules, that may be used 
in many different combinations to perform specific 
tasks. It Impacts all aspects of software engineering. 
The extent of system support of modularity affects the 
development and maintenance of program libraries con- 
sisting of many different general-purpose and special 
modules, which are used to build a complete software 
system. This Is especially important for read-oniy 
memory (ROM) software. The F16000 provides for ab- 
solute modularity by imposing no restrictions on the in- 
dividual module codes. Programs written independent of 
other programs may be loaded anywhere in the address 
space and mixed with other programs in any order. The 
F16000 module table is then set up by the linking loader 
to point to the code, data, and linkage infornriatlon with 
the modules. At execution time, the F16000 registers 
point to appropriate code and data areas, thus 
eliminating the need for relocation. Initialization, or other 
overhead functions. 

Slave Processors 

Specialized functions, such as floating point processing, 
memory management, fast Fourier transfer, etc., can be 
incorporated into auxiliary processing elements, such as 
chips, to replace reams of software that would otherwise 
reside in the computer memory. In the F16000, the slave 
processor instructions provide an extension of the main 
CPU instruction set to augment the expansion of system 
capabilities in hardware. 



System Protection 

Devising hardware techniques for detecting software er- 
rors and preventing propagation of these errors to sen- 
sitive system parts is relatively new in microprocessor 
design. In the F1 6000, for example, privileged instruc- 
tions that can only be executed in the supervisory mode 
bar the lower-level applications programs from access to 
certain system resources. 

Future Expansion 

Software is a major part of an integrated approach to 
product and market development in a continuously 
changing environment involving product lines, services, 
and customer requirements. End-user software is 
therefore viewed as an experience base, a trade tool; the 
software expenditure is an Investment to be conserved. 
This can best be accomplished by protecting the 
computer architecture from early obsolescence. 

The open-ended architecture of the F16000 provides for 
the following expansion: 

—Increasing direct addressing to four billion bytes of 
real memory space 

— Extending the instruction set by adding slave 
processors 

—Expanding to 32-bit computers, since the base archi- 
tecture, Including registers and internal data paths, is 
32 bits wide 

— Increasing virtual memory space to the billion or 
trillion byte range by adding a virtual memory trans- 
lator and memory management chips 

Architecturally, slave processors, including virtual 
memory translators, are considered part of the central 
processor. The F16000 slave processor instruction sets 
are intentionally designed as extensions of the CPU 
instructions so that, as the expected higher levels of 
semiconductor integration are achieved, F16000 devices 
can contain various degrees of extended capability on 
one chip. 
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Organization 

Figure 7-1 illustrates the organization of the F16000 
family. 

Descriptions 

Following is data that describes the members of the 
F16000 microprocessor family. 

Figure 7-1 F16000 IVIicroprocessor Family Organization 





F16032 

HIGH PERFORMANCE 

CENTRAL PROCESSING 

UNIT 














F16081 

FLOATING POINT 
UNIT 














F16082 

MEMORY 

MANAGEMENT UNIT 








F16105 

VERY INTELLIGENT 

PERIPHERAL CONTROLLER 












F16201 

TIMING CONTROL 

UNIT 








F16202 
INTERRUPT 
CONTROL UNIT 












F16203 

CHANNEL 

CONTROLLER 








F16204 

BUS ARBITER 












F16413 

CRT CONTROLLER 








F16425 

PACKET SWITCHING 

FRAME LEVEL 

CONTROLLER 












F16456 

MULTIPLE PROTOCOL 

COMMUNICATIONS 

CONTROLLER 








F16457 

DATA ENCRYPTION 

CIRCUIT 












F16488 

GENERAL PURPOSE 










INTERFACE BUS 
CONTROLLER 
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F16032 
High-Performance CPU 



Advance Product Information 



Microprocessor Product 



Description 

The F16032 central processing unit (CPU) acts as the 
highest performance CPU for the F16000 microprocessor 
family. It is designed to provide optimal support to 
microprocessor users who need a large addressing 
space for large programs or data structures. The F16000 
architecture allows very efficient compilation for large 
programs generated and maintained in high-level 
languages, while remaining easy to program at the 
assembler level for optimizations. Figure 1 is a block 
diagram of the F16032 CPU. 



32-Bit Architecture and Implementation 

16-l\/lb Uniform Addressing Space 

Two-Address Architecture 

High Degree of Symmetry in Instruction Set 

Addressing Modes Designed to Support High-level 

Language Accesses to Variables 

High-Speed N-Channel MOS Technology 

Single + 5 V Power Supply 

48-Pin Dual In-Line Package (DIP) 



Connection Diagram 



Signal Functions 



TWO-PHASE 
CLOCK INPUT 



HOLD REQUEST (For , 
Multiprocessing) 



INTERRUPT 
REQUEST 



NONMASKABLE 
INTERRUPT REQUEST 



RESET/ABORT 



SLAVE PROCESSOR , 
CONTROL SIGNALS 



*^ A23 

A22 

A2O 

Ai9 

RDY A18 

Al7 

A16 

HOLD AD,s 

AD14 

^ ad" 

AD12 
AD11 

NMl AD10 
AD09 
AD08 

RST/ABT ADo7 
AD06 

AT/SPC ^°°^ 
ADo4 

AD03 

DS/FLf '^^oa 

AD01 

ADoo 

HBE 

ADS 

DDIN 

ST3 

ST2 

STi 

STo 

U/S 

PFS 

\IQ 

Vdd BBG GNDB "'-°'^ 












* 






^> 


*' 




^ 




2 




* *' 




< fc 





V HIGH-ORDER 
/ ADDRESS LINES 



^ MULTIPLEXED 
> DATA/ADDRESS 
' BUS 



rm 



^ BUS CONTROL 
SIGNALS 



BUS CYCLE 
STATUS 



USER/SUPERVISOR STATUS LINE 
PROGRAM FLOW STATUS 
INTERLOCKED INSTRUCTION STATUS 
HOLD ACKNOWLEDGE 
(For Multiprocessing) 



A22 


C 


1 ^ 48| 


U Vdd 


A21 


L 


2 


47 


^ A23 


A20 


C 


3 


46 


Jj INT 


A19 


C 


4 


45 


~] NMl 


A18 


L 


5 


44 


3 iijo 


A17 


L 


6 


43 


^ STO 


A16 


C 


7 


42 


J ST, 


AD15 


L 


8 


41 


12 s^2 


AD14 


C 


9 


40 


JST3 


AD13 


C 


10 


39 


UPR 


AD12 


L 


11 


38 


in °^^ 


AD11 


L 


12 


37 


Z} ^^ 


AD10 


C 


13 


36 


;3u/s 


AD9 


C 


14 


35 


^AT/SPC 


ADS 


L 


15 


34 


j] RST/ABT 


AD7 


a 


16 


33 


J DS/FiT 


AD6 


a 


17 


32 


^ HBl 


ADS 


c 


18 


31 


Zl "'■^'^ 


AD4 


□ 


19 


30 


"~| HOLD 


AD3 


l: 


20 


29 


in ^^° 


AD2 


c: 


21 


28 


n ^^"^ 


AD1 


c 


22 


27 


nj PH12 


ADO 


L 


23 


26 


^ PH11 


GNDL 


C 


24 


25 


in ^^°^ 



B 
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Figure 1 F16032 Block Diagram 





APD/DAT/> 






CONTROLS 

and status 
XXdata. 




BUS INTERFACE CONTROL 




Vi 

m 

-1 

oc 

i 






.. 








MICROCODE ROM 

AND 
CONTROL LOGIC 






8BYTE 
QUEUE 










































..,J~Tnstruction i_ 




DISPLACEMENT AND 
IMMEDIATE EXTRACTOR 


— 




1 1 1 1 1 




REGISTER ' 
CONFIGURATION 




REGISTER SET 











INTBASE 




WORKING 
REGISTERS 







SB 







FP 




\ . \ 







SP1 







SPO 


\ V / 

\ 32-BIT / 
\ ALU / 







PC 




RO 






R1 






1 1 




R2 








R3 








R4 






R5 






R6 






R7 






1 


MOD 




1 


PSR 






i__ 




^--J 



Registers 

The eight dedicated and eight high-speed general 
storage registers of the F16032 are illustrated in figure 2. 

Instruction Set 

Table 1 is a summary of the instruction set for the 
F16032, and figure 3 shows the general instruction 
format. 
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Figure 2 F16032 Dedicated and General Storage Registers 





DEDICATED 

^ 32 ft^ 




GENERAL 

32 ► 




1 1 PROGRAM COUNTER | PC 


Ro| 






1 1 STATIC BASE | SB 


R1 1 






1 1 FRAME POINTER | FP 


R2 1 






1 1 USER STACK PTR. 1 SP1 ) 


R3 1 






1 1 INTERRUPT STACK PTR. | SPO ^ 


R4 1 






1 1 INTERRUPT BASE | INTBASE 


R5 1 






PSR MOD 


R6 1 












1 STATUS 1 MODULE | 


-1 




Table 1 


F16032 Instruction Summary 






Mnemonic Meaning 


Mnemonic 


Meaning 


ABS 


Absolute Value 


ENTER 


Enter New Context 


ACB 


Add Compare and Branch 


EXIT 


Exit Context 


ADD 


Add 


EXT 


Extract Field 


ADDC 


Add with Carry 


EXTS 


Extract Field Short 


ADDP 


Add Packed Decimal 






ADDQ 


Add Quick Integer 


FFS 


Find First Set Bit 


ADDR 


Calculate Address 


FLAG 


Flag Trap 


ADJSP 


Adjust Stack Pointer 






AND 


And 


IBIT 


Invert Bit 


ASH 


Arithmetic Shift 


INDEX 


Calculate Index 






INS 


Insert Field 


B 


Conditional Branch 


INSS 


Insert Field Short 


BIC 


Bit Clear 






BICPSR 


Bit Clear in PSR 


JSR 


Jump to Subroutine 


BISPSR 


Bit Set in PSR 


JUMP 


Jump 


BPT 


Breakpoint Trap 


LMR 


Load MMU Register 


BSR 


Branch to Subroutine 


LPR 


Load Processor Register 






LSH 


Logical Shift 


CASE 


Case Branch 






CBIT 


Clear Bit 


MEI 


Multiply Extended Integer 


CHECK 


Check Index 


MOD 


Modulus of Periodic Function 


CMP 


Compare 


MOV 


Move 


CMPM 


Compare Multiple 


MOVM 


Move Multiple 


CMPQ 


Compare Quick Integer 


MOVQ 


Move Quick Integer 


CM PS 


Compare String 


MOVS 


Move String 


COM 


Complement 


MOVSU 


Mover Supervisor to User 


CVTP 


Convert to Bit Pointer 


MOVUS 


Mover User to Supervisor 


CXP 


Call External Procedure 


MOVX 


Sign Extend 


CXPD 


Call External Procedure with Descriptor 


MOVZ 


Zero Extend 






MUL 


Multiply 


DPI 


Divide Extended Integer 






DIV 


Divide 







7-9 



F16032 



Table 1 F16032 Instruction Summary (Cont'd.) 



Mnemonic 



Meaning 



NEG 


Negate 


NOP 


No Operation 


NOT 


Not 



OR 



Or 



QUO 


Quotient 


RDVAL 


Read Address Validate 


REM 


Remainder 


RESTORE 


Restore General Registers 


RET 


Return from Subroutine 


RETI 


Return from Interrupt 


RETT 


Return from Trap 


ROT 


Rotate 


RXP 


Return from External Procedure 


S 


Set on Condition 


SAVE 


Save General Registers 



Mnemonic 


Meaning 


SBIT 


Set Bit 


SETCFG 


Set Configuration 


SKPS 


Skip String 


SMR 


Store MMU Register 


SPR 


Store Processor Register 


SUB 


Subtract 


SUBC 


Subtract with Borrow 


SUBP 


Subtract Packed Decimal 


SVC 


Supervisor Call 



TBIT Test Bit 

WAIT Wait 

WRVAL Write Address Validate 

XOR Exclusive OR 



Figure 3 F16032 General Instruction Format 



OPTIONAL 
EXTENSIONS 



BASIC 
INSTRUCTION 



IMPLIED 
OPERAND(S) 


1) 
DISP2 


DISP1 


INDEX 
BYTE 

2 


INDEX 

BYTE 

1 


GEN 
ADDR 




GEN 
ADDR 




OPCODE 


2) 
IMM2 


IMM1 


MODE 

1 


MODE 
2 






k 


' 






\ 


J 
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DC Characteristics 

The dc electrical characteristics of the F16032 CPU are 
presented in table 2. 



F16032 



Table 2 DC Electrical Characteristics 

TA = 0to70X, VpD = 5V±5%,GND = 0V 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


V,H 


Logical 1 Input Voltage 


2.0 




Vdd-0-5 


V 




V,L 


Logical Input Voltage 


-0.5 




0.8 


V 




VcH 


Logical 1 Clock Voltage 


Vdd-0.3 




Vdd + 1.0 


V 


$1, *2 Pins Only 


Vol 


Logical Output Voltage 


-0.5 




0.3 


V 


*1,$2 Pins Only 


VoH 


Logical 1 Output Voltage 


2.4 






V 


louT=-400/*A 


Vol 


Logical Output Voltage 






0,45 


V 


loL = 2 mA 


'iLS 


AT/SPC Input Current (low) 






1.0 


mA 


V,N=0.4V, AT/SPC in 
Input Mode 


«IL 


Input Leakage Current 


-1.0 




1.0 


/.A 


V,N<VpD, All Inputs Except 
f>1,*2, AT/SPC 


loL 


Output Leakage Current 


-1.0 




1.0 


nA 


o^v,n<Vdd 


'dd 


Active Supply Current 






300 


mA 


Iout = O.Ta = OX 




Absolute Maximum Ratings 

The absolute maximum ratings for the CPU are 
presented in table 3. These are stress ratings only, and 
functional operation at these ratings or under any 
conditions above those indicated in this data sheet is 
not implied. Exposure to the absolute maximum rating 
conditions for extended periods of time may affect 
device reliability, and exposure to stresses greater than 
those listed may cause permanent damage to the device. 

Table 3 Absolute Maximum Ratings 



Temperature Under Bias 


OX, +70X 


Storage Temperature 


-65X, -i-150°C 


All Input or Output Voltages 




with Respect to GND 


-0.5 V, +7.0V 


Power Dissipation 


1.5W 
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F16081 

Floating Point Unit 



Advance Product Information 



Microprocessor Product 



Description 

The F16081 Floating Point Unit (FPU) Is a slave 
processor intended to augment the instruction set of the 
F16000 microprocessor family. The FPU implements a 
version the IEEE standard P754 floating point 
specification. 

• High-Speed Operation 

• Single (32-Bit) and Double (64-Bit) Precision 

• Selectable Rounding Modes 

• Error Detection and Interrupt Generation 

• NMOS Technology 

• 24-Pin Dual-ln-Line Package (DIP) 

• -I- 5 V Power Supply 



Connection Diagram 



24 


;jvdd 


23 


JjSTo 


22 


J ST. 


21 
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Signal Functions 
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Instruction Summary 

The instructions for the F16081 are summarized in 
table 1. 



Table 1 F16081 instruction Summary 



Mnemonic 


Description 


ABSf 


Absolute Value Floating Point 


ADDf 


Add Floating Point 


CMPf 


Compare Floating Point 


DIVf 


Divide Floating Point 


FLOORfi 


Floor Function 


LFSR 


Load Floating Point Status Register 


MOVf 


Move Floating Point 


MOVFL 


Move and Convert 


MOVif 


Move and Convert 


MOVLF 


Move and Convert 


NEGf 


Negate Floating Point 


ROUNDfl 


Round Function 


SFSR 


Store Floating Point Status Register 


SUBf 


Subtract Floating Point 


TRUNCfi 


Truncate Function 
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F16082 

Memory Management Unit 



Advance Product Information 



Microprocessor Product 



Description 

The F16082 Memory Management Unit (MMU) provides 
support for virtual memory management and program 
debugging when used with the F16000 microprocessor 
family. It is designed to relieve the microprocessor unit 
of burdensome tasks associated with memory manage- 
ment and provide address translation during program 
execution. The MMU converts virtual addresses issued 
by the MPU to physical addresses. Support is included 
to assist the operating system in implementing memory 
management policies. Memory protection is 
implemented by slave instructions that check the validity 
of a memory reference. The F16082 also permits easy 
implementation of a virtual machine in a debugging and 
in-system emulation environment. The MMU slave 
processor extends the memory management capabilities 
of the F16000 microprocessor family. Slave processor 
concepts allow potential software compatibility with 
future systems because the slave hardware is 
transparent to the software. 

• Dynamic Address Translation Using Memory Page 
Tables 

• On-Chip Cache for the 32 Most Recently Used 
Memory Page Table Entries 

• Virtual Memory 

• Memory Protection 

• Program Breakpointing 

• Program Flow Tracing 

• Virtual Machine Support 

• High-Speed NMOS Fabrication 

• 48-Pin Dual-ln-Line Package (DIP) 

• Single + 5 V Power Supply 



Connection Diagram 
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Signal Functions 



instruction Summary 



CLOCKS j 
READY 



HOLD 
CONTROLS 



BUS CYCLE 
STATUS I 

USER/SUPERVISOR ' 
STATUS LINE 

ADDRESS 
STROBE 
SLAVE PROCESSOR 
CONTROL 

PROGRAM 
FLOW STATUS 



A24 
A23 
A22 
A21 
A20 
Ai9 
A18 
Ai7 
A16 
ADi5 
AD14 
AD13 
AD12 
AD„ 
AD10 
AD9 
ADg 
AD7 
ADe 
ADg 
AD4 
AD3 
AD2 
ADi 
ADo 
DDiN 
filt/RST 
TRf 
FTf 
paV 
Vdo gndl qndb 



*2 

rdy 

HOLD 

HLDAi 

HLDAO 

S§T 

ST3 

ST2 

STi 

STo 

U/S 
A0S 
SP^/AT 
PF§ 



rrr 

+5V OV OV 



HIGH ORDER 
ADDRES BITS 



MULTIPLEXED 
ADDRESS AND 
DATA BUS 



DATA DIRECTION 

(BUS CONTROL) 

ABORT/RESET 

INTERRUPT 

FLOAT <BUS CONTROL) 

PHYSICAL ADDRESS 
VALID (Memory 
Control) 



The instruction commands for the F16082 are sum- 
marized in table 1. 

Tabie 1 F16082 instruction Summary 



iVInemonic 



Description 



LMR Load MMU Register 

RDVAL Read Validate 

SMR Store MMU Register 

WRVAL Write Validate 



Absolute IVIaximum Ratings 

These are stress ratings only, and functional operation 
at these ratings or under any conditions above those 
Indicated in this data sheet Is not implied. Exposure to 
the absolute maximum rating conditions for extended 
periods of time may affect device reliability, and 
exposure to stresses greater than those listed may 
cause permanent damage to the device. 



Temperature Under Bias 

Storage Temperature 

All Input or Output with Respect 

to GND 
Power Dissipation 



C'C, +70'C 
-65*'C, +150'' 

- 0.5 V, + 7.0 V 
1.5 W 



M6 



F16105 

Very Intelligent 

Peripheral Controller 

Advance Product Information Microprocessor Product 

Description 

The F16105 Very Intelligent Peripheral Controller (VIPC) 
is a general-purpose device to be used either with the 
F16000 microprocessor family or as a stand-alone 
system element. The controller is easy to program in 
both assembly language and high-level language. 

• Upward Software Compatibility with the F16032 
Microprocessor 

• Internal 10-MHz Clock Speed with Instruction 
Prefetch 

• 4096-Byte ROM 

• 192-Byte Two-Port RAM 

• 64-Byte Scratchpad RAM 

• 32 Pins Individually Programmable as I/O 

• Asynchronous Communication Interface Port 

• Cascadable 16-Bit Timer and Event Counters 

• Eight Vectored Interrupts 

• Input/Output Processor (lOP) or Single-Chip 
Configurations 

• Remote or Local Bus Configurations 

• External Memory Access of 56K Bytes 
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F16201 

Timing Control Unit 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F16201 Timing Control Unit (TCU) is a 
24-pin Scliottky component used with the Fairchild 
F16000 microprocessor family. It has four basic 
functions: 

1. Provides two nonoverlapping clock phases for 
unbuffered use within the F16000 microprocessor 
family and provides a synchronous TTL output. 

2. Provides the basic system read, write, and data- 
buffer-enable control signals. 

3. Generates slow cycles compatible with the 
requirements of the older peripherals (those for 
which adding wait states Is not sufficient). 

4. Synchronizes the ready and reset inputs for the 
MPU. 

• Two FuII-Vqq Swing Clock Outputs 

• TTL Drive Capability on All Outputs Except Clock 

• On-Chip Generator for F16000 Systems 

• Bus Control Signals for F16000 Systems 

• Support for Slow 8080 P eripherals 

• Four Wait Inputs (WAIT) to Force up to 15 Wait 
States 

• Continuous Wait Input (CWAIT) to Generate an 
Unlimited Number of Wait States 

• Additional CWAIT Timing to Allow a Memory Cycle 
Hold and Subsequent Regeneration for System 
Arbitration or Memory Refresh 

• Schmitt Trigger Reset Input, Internally Synchronized 
to Generate a Reset Output for the F16000 System 

• Fast-Clock TTL Output with Twice the System Clock 
Frequency 

• Frequency Range of From 0.2 MHz to 10.0 MHz 

• Single + 5 V Power Supply 



Connection Diagram 
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Signal Functions 
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Functional Description 

The F1 6201 has five major elements (see figure 1): the 
oscillator and divide-by-2 circuit, the two-phase 
generator, the reset synchronization circuit, the wait- 
state generator, and the timing state counter and control 
signal generator (TSCCSG). 

The oscillator and divide-by-2 circuit is connected to 
either an external crystal operating at twice the desired 
clock frequency or an external source by way of the 
XCTL1/ECLK pin. This circuit also generates the fast TTL 
clock (FCLK) with thie crystal or ECLK frequency. A one- 
half-frequency output is created for the two-phase 
generator. 

The two-phase generator provides two fuli-V^p swing, 
nonoverlapping clock signals. Additionally, it generates a 
TTL clock (CTTL) and an internal clock to synchronize 
the other circuits of the chip. 

The rese t sync hronization circuit synchronizes the reset- 
in input (RS TI) to generate reset-out (RSTO) with proper 
timing. The RSTI has a Schmitt trigger input. 



wait count, CWAIT may also be taken to low, overriding 
the count and forcing a continuous wait to be entered. 

The wait-state generator counts the number of wait 
states to be generated. A start pulse (generated by the 
TSCCSG circuit) is used to initi ate the counting. While 
the counter is operating or the CWAIT input is low, the 
wait-state generator holds its wait output to the TSCCSG 
circuit active. The wait-state generator turns its ready 
output (RDY) to low when a start pulse is received from 
the TSCCSG. The RDY output returns to high when the 
wait signal is released. 

The timing state counter and control signal generator 
circuit keeps track of the timing state (T-state) within the 
MRU, generating the control signa ls accordingly. The 
arrival of the address strobe (ADS) identifie s the first 
T-sta te (T1) of a timing cycle, input signals DDIN and 
PER are latched, and fast or slow, read or write cycles 
are generated. The TSCCSG circuit also extend s a c ycle, 
as directed by the wait line. The T-state output (TSO) 
signal identifies the beginning of the second and last 
T-states of a timing cycle; it can be used to gate or clock 
external logic for synchronization. 



Wait timing allows two different modes of operation, 
providing flexibili ty in the generation of the wait inputs. 
When the CWAIT or WAI T inputs are active, wait states 
are Inser ted. H owever, if CWAIT Is used to create the 
wait, the WAIT Inputs c an be a pplied and are 
implemented following CWAIT's release. During a fixed 



Recommended Operating Conditions 

The recommended operating ranges of the TCU are 
shown below. 



Supply Voltage Vqq 
Temperature T^ 



4.75 MIn., 5.25 Max V 
0X,7O*'C 



Figure 1 F16201 Biock Diagram 
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F16202 

Interrupt Control Unit 



Advance Product Information 



Microprocessor Product 



Description 



Connection Diagram 



The F16202 Interrupt Control Unit (ICU) provides the 
F16000 nnlcroprocessor family with hardware support for 
prioritized, vectored interrupts and for a real-time clock. 

• 16 Interrupt Sources, Cascadable to 256 

• 8 Hardware Interrupt Sources in 16-Bit Data Bus 
Mode 

• Up to 16 Hardware Interrupt Sources in 8-Bit Data 
Bus Mode 

• Optional 8-Bit Input/Output (I/O) Port when the 8-Bit 
Bus Mode is Used 

• Five Optional Clock Outputs in the 8-Bit Bus Mode 

• Two 16-Bit, dc-to-10 MHz Counters that Can Be 
Combined into a Single 32-Bit Counter 

• Thirty-two 8-Bit Internal Registers Accessible as Pairs 
in the 16-Bit Bus Mode 

• Software Interrupts 

• Automatic Handling of Return from Interrupts 

• Programmable Polarities and Level/Edge Selection 
for Each of the Hardware Interrupts 

• Automatic Rotating Priority Mode 

• NMOS Technology 

• 40-Pin Dual In-Line Package (DIP) 

• Single -i- 5 V Power Supply 



Signal Functions 
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F16203 

Channel Controller 



Advance Product Information 



Microprocessor Product 



Description 

The F16203 Channel Controller is intended for use with 
the F16000 microprocessor family. It is a four-channel 
controller that can operate on a processor local 
multiplexed bus (via local mode selection) to support 
low-cost configurations. It can also operate with 
separate user-defined input/output (I/O) buses (via 
remote mode selection) when high performance is 
required. 



Connection Diagram 



Up to Four Independent Channels 

Interfaces with the F16032 Central Processing Unit 

Integrated Operation with the F162d2 Interrupt 
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Versatile Channel Commands 

Command Chaining 

Support for Memory-to-Memory and Devlce-to-Device 
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Single + 5 V Power Supply 

Maximum Data Rate of 5M Bytes Per Second 

Selectable Cycle Steal/Burst/Semiburst Transfers 
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F16203 



Signal Functions 



Channei Command Summary 



CLOCK INPUT - 
RESET INPUT - 
READY INPUT ■ 



HOLD 
CONTROL 



DMA REQUEST 
FROM DEVICES 
3-0 



CHIP SELECT 
I/O SELECT 
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(Remote Mode Only) 
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WAIT REQUEST TO F16201 
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INTERRUPT REQUEST 

HOLD REQUEST TO MPU 



The basic channel commands for the F16203 are 

DISABLE 

VERIFY 

SEARCH 

TRANSFER AND SEARCH 
Various command modifiers are appendable to the basic 
command and are summarized in table 1. 

Table 1 F16203 Command Modifiers 



IVInemonic 



AS 

AT 

BT 

D 

DL 

DT 

DW 

LP 

MN 

MNI 

PT 

RQI 

SE 

SL 

ST 

STI 

SW 

TC 

TCI 

UW 



Description 



Word Assembly 

Auto Transfer 

Burst Type 

Direct/Indirect Mode 

Destination Location 

Destination Type 

Destination Width 

Lock Priority 

Match/No Match 

Match/No Match Interrupt Mask 

Priority Type 

Request-While-Disabled Interrupt Mask 

Stop Enable 

Source Location 

Source Type 

Stop Function Interrupt Mask 

Source Width 

Transfer Complete 

Transfer Complete Interrupt Mask 

Search Type 
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F16204 
Bus Arbiter 



Advance Product Information Microprocessor Product 

Description 

The F16204 Bus Arbiter manages heterogeneous 
nnultiprocessor systems that share a common bus. 

• IVIultiprocessor Environments 

• Up to 32 IVIasters 

• Selection of Arbitration Algorithm 

• Encoded Arbitration Scheme 
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F16413 

CRT Controller 



Advance Product Information 



Microprocessor Product 



Description 



Signal Functions 



The Fairchild F16413 CRT Controller (CRTC) operates 
within the F16000 microprocessor family for computer 
terminal, word processor, and monitor applications. The 
64-pln, 5 V controller uses N-channel silicon gate 
technology. A number of features are programmable for 
easy adaptation to different display, synchronization, 
and screen formats. 

• Programmable Display and Synchronization Formats 

• Memory Addressing: Row/Column, DMA with Row 
Buffer, or Contiguous Linear Addressing 

• Three Video Modes 

• Three CRT Monitor Interfaces 

• Programmable Window Location 

• Programmable Status Field Location That Can Be 
Used to Provide a Vertical Split Screen 

• Character Clock Rate to 10 MHz 

• Maskable Interrupts: Line Zero, Vertical Blank, 
Smooth Scroll Complete, Programmable Row 
Interrupt, End of Scan Line 

• Two Cursor Flags 

• Double Width, Double Height Attributes 

• Smooth Scrolling Forward or Reverse with Scroll 
Within Window or Its Inverse (Everything but the 
Window) 

• Proportional Spacing 

• Single + 5 V Power Supply 
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De 
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LINE LOCK INPUT 



> DATA BUS (I/O) 



REGISTER ADDRESS 



PROP. SPACING 
PROCESSOR BUS REQ. 




The F16413 CRTC features programmable display format 
for up to 256 characters per row, 128 rows per frame, 
and 16 rasters per row. It has a programmable format for 
horizontal and vertical sync pulse delay (front porch), 
sync pulse width, and scan delay (back porch). 

Signal Descriptions 

Table 1 describes the CRTC signals. 
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Table 1 CRTC Signal Descriptions 



Mnemonic 


Name 


Description 


Vdd 


Power 


+ 5 V power supply. 


GND 


Ground 


Commond ground. 


Ao/RAo-Ag/RAg 


Address Bus and 
Register Address 


Lower six bidirectional address bus and register address pins. 


\"Al5 


Address Bus 


Higher 10 address bus output. 


D0-D7 


Data Bus 


Bidirectional data bus. 


cs 


Chip Select 


Active low Input to enable read/write of the internal registers during 
peripheral access. 


RD 


Read Strobe 


Input used to read data from the Internal peripheral registers. 


Wr 


Write Strobe 


Input used to write data to the Internal peripheral registers. 


RST 


Reset 


An active low input to initialize the internal control and status registers 


IRQ 


Interrupt Request 


An active low output that indicates one of the progrannmable interrupt 
conditions has occurred. 


CCLK 


Character Clock 


Clock input to provide timing for synchronization and screen formatting 
10 MHz maximum. 


RB, 


Read Row Buffer 


Output, read row buffer number 1. 


WBi 


Write Row Buffer 


Output, write row buffer numben. 


RB2 


Read Row Buffer 


Output, read row buffer number 2. 


WB2 


Write Row Buffer 
Hold Request 
Hold Acknowledge 

Hold Acknowledge 


Output, write row buffer number 2. 


HOLD 


Hold request output to the MRU. 


HOLDAI 


Hold acknowledge input from the MRU when the CRTC works on the 
system memory; processor bus request when the CRTC works on 
dedicated video memory. 


HOLDAO 


Hold Acknowledge output to a lower priority peripheral. 


CUR^ 


Cursor 1 


Cursor 1 output. 


CUR2 


Cursor 2 


Cursor 2 output. 
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Mnemonic 


Name 


Description 


HWS 


Horizontal Window Start 


Output indicating the first horizontal position of a window. 


HWE 


Horizontal Window End 


Output indicating the last horizontal position of a window. 


VWS 


Vertical Window Start 


Output indicating the first row of a window. 


VWE 


Vertical Window End 


Output indicating the last row of a window. 


PS 


Proportional Space 


Input causing an update of the RAM address counter; can also be used 
as a double wide attribute input. 


DH 


Double Height 
Blank 

Horizontal Sync 
Vertical Sync 


Input for double height character attribute. 


BLANK 


Active low output signal to turn off the monitor video during horizontal 
and vertical retrace. 


HSYNC 


Active low output signal to provide horizontal sync timing. 


VSYNC 


Active low output signal to provide sync timing. 


RC0-RC3 


Raster Count Address 


Outputs giving the current raster count value. 




System Description 

The F16413 CRTC can basically work in two system 
configurations, i.e., on a local bus with dedicated video 
memory or on the system bus with access to the main 
memory. In the latter case, external row buffers must be 
provided, which are being loaded during DMA operation 
with the characters of the next following row to be 
displayed. 

There are 33 registers implemented on the F16413 for 
mode control, screen formatting, and display control. 
Each of these registers is individually addressable using 
the lower six address pins when chip select is active. 
Information can be read out from or written into the 
register via the 8-bit data bus. 

Screen Format 

The horizontally displayable dimension of the screen, 
horizontal front porch, sync pulse width, and back porch 
are programmable in character clocks. The vertically 
displayable dimension of the screen is programmable in 
number of rows. The vertical front porch, sync pulse 
width, and back porch are programmable in scan lines. 
The number of scan lines per row is 1 to 16. 



IVIode Control 

The mode register determines the pin assignment for 
either system or remote bus operation. It is also used to 
select contiguous or row/column address, non-interlaced 
or interlaced video, attribute delay and external 
synchronization. It contains a reset control bit so the 
screen format may be reprogrammed anytime after a 
software reset. 

Windowing and Scrolling 

The status field may be used to provide a vertically split 
screen with the video field. The window feature of the 
F16413 allows a defined window anywhere in the video 
field, or splits the screen horizontally into two 
independent data fields. Using the split screen feature 
requires programming the number of horizontally 
displayed characters in each data field into the assigned 
registers. 

The soft scroll control register is used to enable soft 
scroll, to select the area to be scrolled (either video field, 
window, or status field), and to select scroll rate and 
direction. 
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CPU/CRTC Memory Contention 

The CRTC 3-states the address bus during the horizontal 
and vertical blanking intervals. An interrupt is provided 
at the beginning of each blanking interval. 

Remote Bus Configuration 

During the blanking interval the CPU is free to access 
the dedicated video memory without disturbing the 
display during the active video. 

System Bus Configuration 

The F16413 is accessing the system memory during DMA 
cycles to load external row buffers. If the user provides 
one external row buffer, the DMA operation starts with 
the first character of the first scan line of each row and 
the data is displayed immediately. In this case the RB 
and WB signals are both active during the first scan line 
of a row. 

If two external row buffers are used, then one of them is 
being loaded with the data of the following row while the 
other one is sending its data of the present row to the 
CRT. Loading of the row buffers starts at the beginning 
of the first scan line of the previous row. 
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Advance Product Information 



F16425 

Packet Switching Frame 

Level Controller (PLC) 



Microprocessor Product 



Description 

The F16425 Packet Switching Frame Level Controller 
(PLC) is a member of the F16000 microprocessor family 
that controls the transmission and reception of data 
(message frames) in a network conforming to the 
international CCITT HDLC protocol for applications in 
terminals, network access controllers, and related 
equipment at level 2 (frame level). It implements X.25 
LAPB and portions of X.75, SDLC, and HDLC. It can be 
used with most MOS microprocessor families. 

The F16425 controller can be used specifically in data 
terminal equipment (DTE), data circuit terminating 
equipment (DCE), and network nodes (point-to-point, 
switched, or nonswitched systems). It uses all basic 
commands and responses— normal response mode 
(NRM) and asynchronous balanced mode (ABM) with five 
options. The CPU gives simple one-byte commands to 
initiate link setup, disconnect and information transfer. 



8-Bit and 16-Bit CPU Compatibility 

High-Density NMOS Si-Gate Chip 

64-Pin DIP with 24 Registers at 8 Bits 

DC to 2.5 Mb/s 

One-Mbyte Direct Address Capability 

On-Board DIVIA to Transfer Messages to and from 

Memory 

Modem Interface Control Signals 

Programmable Address Field and Global Address 

Automatic Sequencing, Acknowledging, and 

Retransmission of Messages 

Automatic Frame Check Sequence Generation and 

Test 

TTL-Compatible 

Single + 5 V Power Supply 

Separate Address and Data Bus 

8- or 16-Bit Bidirectional Data Bus 

Automatic Zero Insertion and Deletion for 

Transparency 

NRZ or NRZI Serial Data 

Programmable System Parameters 

—Primary Timer (Tl) 

—Retransmission Counter (N2) 

—Window Size from 1 to 127 Frames 

—Buffer length from 16 to 2K Bytes 

Programmable Basic or Extended Control Field 

l-Field Residual Last Character 

X.25 LAPB, X.75 (Excluding Multilink), SDLC, HDLC, 

ADCCP 



Status can be monitored by a series of maskable 
interrupt conditions or by reading eight directly 
addressable status registers. 

Figure 1 is a block diagram of the F16425 controller. 
Figure 2 shows how the F16425 interfaces with DTE and 
DCE. 

Signal Descriptions 

Table 1 describes the signals for the F16425 controller. 



Signal Functions 



CHIP SELECT ■ 



DATA BUS < 



ADDRESS BUS < 



D15 
D14 

Dl3 

Dl2 
Dii 
DlO 
Dg 
Ds 

Ai9 
Ai8 
Al7 
A16 
Ai5 
A14 
Ai3 
Ai2 
Aii 
Aio 
Ag 
As 
A/ 
Ae 
As 
A4 
A3 



GND 
Vdd 



D5 

D4 

D3 

D2 

Di 

Do 

IRQ 

TSO 

TCLK 

RCLK 

RSI 

RTS 

CTS 

DTR 

DSR 

CD 

DMAE 

RWEN 

RD 

WR/DS 

HBE 

HLDAO 

HLDAI 

HOLD 

RST 

WAIT 
TEST 



DATA DIRECTION 



^ DATA BUS 




> TRANSMITTER/RECEIVER 



^ > MODEM CONTROL 



> CHIP CONTROL 
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Figure 1 16425 Block Diagram 



F16425 



HIBYTE ENABLE 

DATA DIRECTION IN 

DMA ENABLE 

CHIP SELECT 

WRITE 

READ 



INTERRUPT REQUEST 



ADDRESS BUS 




MODEM SIGNALS 



TCLK TRANSMITTER 
CLOCK 

■► TRANSMITTER 
OUT 
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Figure 2 X.25 Interface 
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Table 2 F1642S Signal Descriptions 



F16425 



Mnemonic 


Name 


Description 


Chip Seiect 






CS 


Chip Select 


An active-low input to enable READ/WRITE of the internal registers 
during a peripheral access. 


Data Bus 






D0-D15 


Data 


A 16-bit bidirectional data bus. 


Register 






A0-A4 


Address 


Address bits 0-4 are output during DMA access or input during peripheral 
access; high-impedance output at all other times. 


A5"Ai9 


Address 


Address bits 5-19 are output during DMA access; high-impedance output 
at all other times. 


Power 






GND 


Ground 




^DD 


Power Supply 


+ 5 Volts 


Data Direction 






DDIN 


Data Direction In 


The bidirectional DDIN signal low equals WRITE to PLC: high equals 
READ from PLC for peripheral access. A DDIN signal low equals WRITE 
to memory; high equals READ from memory for DMA access. 


Interrupt 






IRQ 


Interrupt Request 


An active-low output indicating that one of the programmed interrupt 
conditions has occurred. 


Transmitter/Receiver 






RCLK 


Receive Clock 


Direct clock input; the RSI signal changes on the falling edge of the 
RCLK signal. 


RSI 


Receive Serial In 


A receive serial data input signal. 


TCLK 


Transmit Clock 


Direct clock input, the signal TSO signal changes on the rising edge of 
the TCLK signal. 


TSO 


Transmit Serial 
Out 


A transmitted serial output data signal. 
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Table 1 F16425 Signal Descriptions (Cont'd.) 



Mnemonic 


Pin No. Name 


Description 


Modem Control 






CD 


Carrier Detect 


An input signal 


CTS 


Clear to Send 


An input signal 


DSR 


Data Set Ready 


An input signal 


DTR 


Data Terminal 
Ready 


An output signal 


RTS 


Request to Send 


An output signal. 


Chip Control 






DMAE 


DMA Enable 


A high output when FLC has control of the system buses, and a low 
output at all other times; can be used to control external 3-state devices. 


HBE 


High Byte Enable 


An active-low Input/output signal that enables READ/WRITE to the high- 
order byte of the data bus; input during peripheral access and output 
during DMA access. This signal is not used in the 8-bit mode. 


HLDAI 


Hold Acknowledge 
In 


An active-low input from the CPU or higher priority DMA granting control 
of the system buses. 


HLDAO 


Hold Acknowledge 
Out 


An active-low output to a lower priority DMA. 


HOLD 


Hold 


An active-low output requesting control of the system buses. 


$1 


Input Clock 


One 0.4- to 10-MH2 nonoverlapping two-phase clock input. 


RD 


Read Strobe 


An input/output read strobe if the RWEN input is tied to VDD; not used if 
RWEN is grounded. 


RST 


Reset 


An active-low Input to initialize the Internal control and status registers. 


RWEN 


Read/Write Enable 


A low Input selects DDIN and DS signals for Interfacing M6800-type 
microprocessors and a high input selects RD and WR signals for 
interfacing 16,000, 8 D86-type microprocessors. 


WR/DS 


Write/Data Strobe 


A write strobe if the RWEN input is tied to VDD, and a data strobe for 
READ and WRITE, If the RWEN input is grounded. 


WAIT 


Wait 


Used to extend the memory cycle during a 16-bit read operation. 


TEST 


Test 


A low invokes an internal test sequence. 
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F16456 

Multiple Protocol 
Communications Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F16456 Multiple Protocol Communications 
Controller (MPCC) is a programmable microprocessor 
peripheral device that interfaces a computer system to a 
serial data communication channel with minimum 
system overhead. It can be used in computer-to- 
computer or computer-to-terminal communications, or in 
control of network trunk lines with the F16000 family and 
other microprocessors. 



Signal Functions 



TRANSMIT/ 

RECEIVE 

CLOCK 



F16000 Family, 8080, 8086 Bus Compatible 

Satisfies Interface Requirements for Asynchronous 

Mode and for Synchronous Bit-Oriented Protocol 

(BOP) or Synchronous Byte-Control Protocol (BCP) 

Generates and Tests Error Detection Codes; 

Generates and Detects Special Characters 

Bidirectional Three-State Data Bus Interface 

(Selectable as 8-Bit or 16-Bit Bus) 

Full- or Half-Duplex Operation 

Modem Handshake Signals 

5- to 8-Bit Character Lengths 

Primary or Secondary Station Operation 

Normal and Transparent Text Modes 

Directly Addressable Registers 

Serial Data from dc to 2.0M bps 

NRZ or NRZI (Complemented on Zero) Serial Data 

Self-Tested Loop-Back Mode 

Maintains Data Transparency Through Automatic 

Manipulation of the Data Stream 

TTL-Compatible 

Single -i- 5 V Power Supply 

40-Pin Plastic or Ceramic Dual-in-Line Package 



The F16456 MPCC is functionally divided into a serial 
data receiver, serial data transmitter, addressable 
registers, and data bus control logic. The receiver and 
transmitter operate at independent rates determined by 
their clocks. The eight registers contained in the MPCC 
are directly addressable when using an 8-bit data bus; 
they are addressed in pairs when a 16-bit data bus is 
used. The MPCC is manufactured using high-speed 
XMOS technology. Figure 1 is a block diagram of the 
F16456. 

Signal Descriptions 

Table 1 lists the input/output signals for the F16456. 



1= 



BUFFER 
INTERRUPT 



RESET 
INTR. REQ. 



REGISTER 
ADDRESS 



RCLK 

RSI 

RSOF 

TCLK 

TSO 

CD 

CTS 

DSR 

DTR 

RTS 

RDA 

TBMT 

RESlT 

Ao 
Ai 
A2 
Vcc 

Vss 

CS 



MISC 

BYTE 
Do 
Dl 
D2 
Da 
D4 
D5 
De 

D7 

Ds 
Dg 
D10 
D11 
D12 
Dl3 
Dl4 
Dl5 
RD 

vm 



CPU 
INPUTS 



Connection Diagram 




TSO 


c 


1 ^ ., 


Jc-s 


TCLK 


L 


2 


22 


J MlSC 


RTS 


C 


3 


23 


J DTR 


RESET 


C 


4 


24 


J iRQ 


Wr 


C 


5 


25 


;] TBMT 


Do 


C 


6 


26 


3 CTS 


Dl 


L 


7 


27 


J^ 


Da 


L 


8 


28 


jDe 


D3 


L 


9 


29 


Jo, 


D4 


L 


10 


30 


J D10 


D5 


L 


11 


31 


J Dm 


De 


L 


12 


32 


J D12 


Dr 


L 


13 


33 


J Di3 


RDA 


L 


14 


34 


H °14 


Ao 


L 


15 


35 


J 0^5 


Al 


L 


16 


36 


J DSR 


Aj 


L 


17 


37 


^ RSOF 


BYTE 


L 


18 


38 


J RSI 


RG 


L 


19 


39 


J RCLK 


Vss 


L 


20 


40 


3 Vdd 
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Figure 1 F16456 Block Diagram 
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Table 1 F16456 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Power 

Vcc 

Vss 


40 
20 


Power Supply 
Input 

Ground 


+ 5 V power supply 
V reference 


Misc. 


22 


Miscellaneous 




MISC 


The DEND bit of the receiver control register (RCR) determines 
whether the MISC pin is an input or an output. When used as 
an input, a low level sets the end-of-nnessage (EOM) bit in the 
transmitter control register. When used as an output, the 




MISC pin is general-purpose in nature and is controlled by bit 
14 of the RCR. 
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Table 1 F16456 Signal Descriptions (Cont'd.) 



F16456 



Mnemonic 


Pin No. 


Name 


Description 


CPU Inputs 








BYTE 


18 


Byte 


A high-level input that indicates an 8-bit data bus; a low level 
indicates a 16-bit bus. 


D0-D15 


6-13,28-35 


Data Bus 


A bidirectional 16-bit data bus. An 8-bit data bus Interface is 
obtained by connection Dq through D^to Dg through D.,5, 
respectively, and connecting pin 18 (BYTE) to -H5 V. 


RD 


19 


Read Pulse 


A low-level input that transjhers the contents of the addressed 
register to the data bus if CS is low. 


WR 


5 


Write Pulse 


A low-level input that transfers the data bus information to the 
addressed register is CS is low. 


RDA 


14 


Receiver Data 
Available 


A high-level output indicating that an assembled character Is 
in the receiver data buffer; reset on the positive edge of RD 
when reading from the transmitter buffer. 


TBMT 


25 


Transmitter Buffer 
Empty 


A high-level output indicating that the device is ready to 
accept another data character from the CPU; reset on the 
positive edge of WR when written to the transmitter buffer. 


Reset 


4 


Reset 




RESET 


A low-level input that disables the transmitter and receiver 
and initializes the internal control registers and timing. 


Interrupt 








IRQ 


24 


Interrupt Request 


An output signal that goes low to indicate a change in the 

internal status of the deyice. The status bits linked to the IRQ 
output are receiver overrun, received end-of-message and 
async framing error, received parity error, and transmitter 
underrun. The IRQ signal is reset on the trailing edge of RD 
when the associated status register is read. 


Register 








AO 
A1 
A2 


15 
16 
17 


Register Address 


Input signals that select one of eight 8-bit addressable 
registers if the BYTE signal is high. If the BYTE signal is low, 
AO is not used; A1 and A2 select one of four 16-bit register 
pairs. 
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Table 1 F16456 Signal Descriptions (Cont'd.) 



Mnemonic 


Pin No. 


Name 


Description 


Transmit/Receive 
Clock 








RCLK 


39 


Receiver Clock 


Timing input signal for the receiver logic. 


RSI 


38 


Received Serial 
Input 


An input signal comprising the received serial data. 


RSOF 


37 


Received Sync 
or Flag 


An output signal that is high for one receiver clock period 
each time a flag or sync character is received. 


TCLK 


2 


Transnnitter Clock 


An input signal that provides timing for the transmitter logic. 


TSO 


1 


Transmitted Serial 
Output 


An output signal comprising the transmitted serial data. 


Modem 








CD 


27 


Carrier Detect 


A general-purpose input that can be tested by reading the 
transmitter status register. 


CTS 


26 


Clear to Send 


An input signal used with the RTS signal to enable the 
transmitter; can be tested by reading the transmitter status 
register. 


DSR 


36 


Data Set Ready 


A general-purpose input that can be tested by reading the 
transmitter status register. 


DTR 


23 


Data Terminal 
Ready 


A general-purpose output that can be set low by programming 
the DTR bit of the receiver control register to a logic one. 


RTS 


3 


Request to Send 


An output signal that can be set low by programming the RTS 
bit of the transmitter control register to a logic one. 
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F16457 

Data Encryption Circuit 



Advance Product Information 



Microprocessor Product 



Description 

The F16457 Data Encryption Circuit (DEC) is designed to 
meet the requirements of FIPS PUB 46 Federal Data 
Encryption Standard (DES). The DEC encrypts or 
decrypts 64-bit blocks of data in either electronic code 
book (ECB) or cipher block chaining (CBC), or in an 8-bit 
stream cipher mode (pseudo-random number generation). 
None of the three implementations needs circuitry 
external to the chip. 

• Conforms to FIPS PUB 46 (Federal Data Encryption 
Standard [DES]) 

• Includes Message Authentication 

• Encrypts/ Decrypts 
—Electronic Code Book (ECB) 
—Cipher Block Chaining (CBC) 
— 8Bit Cipher Feedback (CFB) 

• Operated by CPU or OnChip DMA Controller 
Featuring 

— 64K Address Capability, Incrementing or 

Decrementing 
—16-Bit Byte/Block Counter 
—Input and Output in Same or Separate Memory 

Space 
—CPU Interrupt Upon Completion of DMA Transfers 
—CPU Released During Actual Encryption and 

Decryption 

• Key Logic 

—Separate, Selectable Master and Session Key 

Registers 
—Parity Check on Each Key Byte Entry 



Signal Functions 
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DMA END 


*- 
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F16488 

GPIB Controller 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F16488 General-Purpose Interface Bus 
(GPIB) controller serves as a general IEEE-488 
compatible listener/talker and controller within the 16000 
nnicroprocessor family for applications in the 
interconnection of intelligent programmable instruments 
on the general-purpose interface bus. It is compatible 
with most MOS microprocessor families. 

• Handles All IEEE 488-1975/78 as Well as 1980 
Supplement Functions 

• Talker, Listener, and Controller Functions 

• Compliance of All Bus Signals with IEEE 488 and lEC 
625 Inputs, Threshold, Termination, and Output 
Specifications 

• DMA Access Facilities (Compatible with F16203 and 
Most Other DMA Controllers) 

• Single-Phase 10-MHz Maximum TTL Clock 

• Pass Control Capabilities 

• Stoppage of Transmission of Unwanted Data 
Possible Through NBAF Auxiliary Command 

• On-Board Drivers 

• Hold-Off on All Data and Hold-Off on Command 

• End-of-String Recognition by EOS Byte or EOl Pin 

• Programmable Counter for T1 

• 40-Pin Package 

• Single 5 V -h 10% Power Supply 

• One-MHz Data Transfer Rate 

Figure 1 is a block diagram of the F16488. 



Signal Functions 



DATA / 

INPUT/OUTPUT A 
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TRIG 
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Note: This is not a pin assignment. 
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Figure 1 F16488 Block Diagram 
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Section 8 
ROM Products 



This section contains descriptions of the ROM products. 
These devices are functionally related to the F6800 
nnicroprocessor fannily and offer varying amounts of read 
only memory. All of the ROM products are custom chips 
and are mask-programmable. 
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ROM Products 
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F3532/F68332 

F3533 

4096 X 8 ROM 

Microprocessor Product 



Description 

The F3532/F68332 and F3533 are 4096 x 8-bit mask- 
programmable Read Only Memories (ROM), fabricated with 
n-channel silicon gate technology. They are designed for 
use in bus-organized systems requiring non-volatile data 
storage. For ease of use, the F3532/F68332 and F3533 
require only a single +5 V power supply, have TTL- 
compatible inputs and outputs, and, due to their static 
operation, need no clocking or refreshing. 

Electrically identical, the F3532/F68332 and F3533 
represent both JEDEC standard pinouts, thus providing 
compatibility with other available 32K ROMs and EPROMs. 
To facilitate memory expansion, these devices offer two 
programmable Chip Select inputs whose active levels are 
user defined. 

The F3532-30/F3533-30 and F3532/F3533-35 are 
high speed devices, allowing interface with faster 
generations of 
NMOS microprocessors. 

• Completely Static Operation 

• 8-Bit Bus Compatible Organization 

• 3-State Outputs 

• Two Programmable Chip Select Inputs 

• Single +5 V ± 10% Supply 

• Fully TTL Compatible 

• 3 Speed Grades— tACC = 300, 350, 450 ns 

• Both JEDEC Standard Pinouts 

• Pin Compatible with Other 32K ROMs 
and EPROMs 



Pin Names 




A0-A11 


Address Inputs 


CSi, CS2 


Chip Select Inputs 


Q0-Q7 


Data Outputs 



Absolute Maximum Ratings 

Voltage on Any Pin Relative 
toGND 

Operating Temperature 
Storage Temperature 
Power Dissipation 



-0.3 V, -f7 V 

0°C, +70°C 
-65°C, +150°C 
1 W 



Stresses greater than those listed under "Absolute Maxinfium Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operating section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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vcc = 


Pin 24 




GND = 


Pin 12 




*Aii = 


Pin 18 (F3532/F68332), Pin 21 (F3533); 


CS2 = 


= Pin 21 (F3532/F68332). Pin 18 (F3533) 


Connection Diagrams 




24-Pin DIP 
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J Aa A6 [^ 


2 
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:3a9 asi: 
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21 


JCS2** A4L 


4 


21 


jAii 


A3[: 




20 


J CSi- A3[: 


5 


20 


JCSi- 


Aaf 




19 


JAio A2[;^ 


6 


19 


JAio 




F3532/F68332 






F3533 




AiC 




18 


jAii Aic: 


7 


18 


[JcSa** 


AoC 




17 


jQr AoL 


8 


17 


J Or 


QoL 




16 


jQ6 Qoi:: 


9 


16 


JQ6 


q^l: 


10 


15 


J Qs Oi L 


10 


15 


jQs 


Q.L 


11 


14 


3Q4 QaL 


11 


14 


:]Q4 


gnd[;; 


12 


13 


JJQs GND[^ 


12 


13 


J 03 



(Top View) (Top View) 

*Programmable Chip Selects (see Custom ROM Programming Information) 
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F3533 



Block Diagram 



Qo Qi Q2 Q3 Q4 Q5 Qe Q7 



-Vcc 



A11- 
A10- 
A9- 
Ae- 
A7- 
Ae- 
As- 
A4- 
A3- 
A2- 
Ai- 
Ao- 



OUTPUT BUFFERS 



"U 



_ri 



Y DECODER 
1-OF-32 BYTES 



32,768-BIT 
CELL MATRIX 



DECODE 



CHIP 
SELECT 
PROG 



CHIP 
SELECT 
INPUT 
BUFFER 



-CS2 



DC Requirements Over operating temperature range 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Power Supply Voltage 


4.5 


5.0 


5.5 


V 




ViL 


Input LOW Voltage 


-0.3 




0.8 


V 




VlH 


Input HIGH Voltage 


2.0 




5.5 


V 




DC Characteristics Over operating temperature and voltage range 


Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Note 


Vol 


Output LOW Voltage 






0.4 


V 


Iqut = 


1.6 mA 


VOH 


Output HIGH Voltage 


2.4 






V 

• 


Iqut = 


-200 mA 


Ice 


Vcc Power Supply Current 






80 


mA 


1 


llN 


Input Leakage Current 






2.5 


mA 


2 


loUT 


Output Leakage Current 






10 


mA 


3 



Notes on following page. 
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AC Characteristics Over operating temperature and voltage range 



IEEE 


Symbol 


Characteristic 


F35XX-30 


F35XX-35 


F34XX-45 
F68332 


Unit 




Symbols 


Min 


Max 


Min 


Max 


Min 


Max 


Note 


TAVAV 


tCYC 


Cycle Time 


300 




350 




450 




ns 




TAVQV 


tACC 


Address to Output Access Time 




300 




350 




450 


ns 


4 


TSLQV 


tco 


Chip Select to Output Delay Time 




120 




150 




150 


ns 


4 


TSHQZ 


tDF 


Data Hold After Deselection 


10 


120 


10 


150 


10 


150 


ns 


4 


TAXQZ 


tDHA 


Data Hold After Address Time 


10 




10 




10 




ns 


4 




C|N 


Input Capacitance 




7.5 




7.5 




7.5 


PF 


5 




COUT 


Output Capacitance 




12.5 




12.5 




12.5 


PF 


5 



Notes 

1. All inputs 5.5 V, T^ = 0°C 

2. V|N = V to 5.5 V 

3. Device unselected: Vqut = V to 5.5 V 

4. Measured with 1 TTL Load and 130 pF, transition times = 20 ns 

5. Capacitance measured with Boonton Meter 

6. Timing Parameter Abbreviations 

All timing abbreviations use upper case characters with no subscripts. The initial character is always T and is followed by four descriptors. These characters specify 
two signal points arranged in a "from-to" sequence that define a timing interval. The two descriptors for each signal point specify the signal name and the signal 
transitions. Thus the format is: 

T X X X X 



Signal name from which interval is defined - 

Transition direction for first signal 

Signal name to which interval is defined — 
Transition direction for second signal 



The signal definitions used in this data sheet are: 

A = Address 

D = Data In 

Q = Data Out 

W = Write Enable 

E = Chip Enable 



The transition definitions used in this data sheet are: 

H = transition to HIGH 

L = transition to LOW 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to OFF (high impedance) 



Timing Diagram 



PROGRAMMABLE 
CHIP SELECTS 



OUTPUT 
DATA 




K 



CHIP SELECTS 
VALID 



{ 



OUTPUT 

X 

VALID 




1 DON'T CARE INPUT CONDITION OR INDETERMINATE OUTPUT STATE 
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Custom ROM Programming Information 

The customer's unique program code pattern may be 
submitted to Fairchild in several methods. The most 
convenient and readily verifiable is in the form of 2708, 2716 
or 2732 EPROMs. Program code patterns may also be 
submitted on FairchiJd Formulator MKIII floppy disks or on HP 
cassette tape in Formulator or 
MIKBUG* format. 



Customer Company Name . 
Customer Contact Name __ 
Customer Part No. 



Customer Input Media 

D 2708 EPROM 

D 2716 EPROM 

D 2732 EPROM 

n Floppy Disk 

D HP Cassette 

D Formulator Format 
D MIKBUG Format 

*MIKBUG is a Motorola trademark. 



Fairchild Use Only 

SL No. 



Bid Control No. 

Field Sales Engineer. 
Date Sent 



Address _ 
Phone No. 



Fairchild Part No. . 



Request for Return Media 

D Listing 

D EPROM (include blank EPROMs) 

Chip Select Information 

HIGH LOW 

CSi D D 

CS2 n D 



Don't Care 

D 
D 



Formulator Format 

I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 | 9 | 10 | 11 | j M6 | MS | M 4 [ M-3 | M2 | M 1 [ M 



SOR Li Lo A3 A2 Ai Ao Ti To D01 

SOR Start of record defined to be a colon (:) 

Li Lo Length field defined to be the number 

of packed data bytes per record. Each 
record is (2*L) + 11 characters in 
length inclusive of start of record. 
Length implies end of relocatable 
module. 

A3 A2 Ai Ao Address field. 

All characters other than SOR are ASCII hexadecimal 
(0-9, A-F). 



Doo D11 D(n-i)i D(n-1)0 Dni Dno 

Ti To Type field. 

D01 Doo. . .D(n)i D(n)o Data field. 
CKi CKo 



CKi 



CKo 



Checksum field defined to be negative 
modulo 266 summation of ail bytes 
since start of record. A summation of 
all characters in a record, including 
the checksum, will result in zero. 
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MIKBUG Format 





y 




Leader (Nulls) 


CC = 30 
Header 
f^ecord 


CC-31 

[)ata 

Record 




(CR) 


OD 


Frame 

1. Start-of-Record 


CC = 39 


(LF) 


OA 


End-of-File 


(NULL) 


00 


Record 






53 


53 


S 


53 


S 


53 


S 




CC 


2. Type of Record 


30 





31 


1 


39 


9 










■ Byte Count 


31 
32 


12 


31 
36 


16 


30 
33 


G3 














■ Address/Size 


30 
30 
30 
30 


0000 


31 
31 
30 
30 


1100 


30 
30 
30 
30 










Frames of Tape 








ByteC 








Checksum 




10. 
Data 


34 
38 


48-11 


39 
38 


98 


46 
43 


FC (Checks 




>unt *2 










34 
34 


44-D 


30 
32 


32 










35 
32 


52-R 










ecksum) 










41 
38 


A8(Ch 












n (Checksum) 


39 
45 


9E 





















^^^\n} 













s 

CC 

Byte Count 



Start of record 

Type of record 

Two frames equal one byte. Frames 3 
through n are hexadecimal digits (in 
7-bit ASCII) which are converted to 
BCD. Two BCD digits are combined to 
make one 8-bit byte. The checksum is 
the ones complement of the 
summation of 8-bit bytes. 



8-9 



F3532/F68332 
F3533 



Ordering Information'* 




Part No. 


Order Code 


F3632-30 
F3532-35 
F3532-45 


F353230P, F363230S 
F353235P, F353235S 
F363245P, F363246S 


F3633-30 
F3633-36 
F3533-46 


F353330P. F353330S 
F353336P. F353336S 
F353346P, F363345S 


F68332 


F68332P, F68332S 



P = Plastic DIP 

S = Ceramic DIP 

*For extended temperature or military grade, call factory. 
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F3564 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F3564 8192 x 8-bit (64K) mask-program- 
mable read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generatins of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3564 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 



Logic Symbol 



Address Latch Feature 

Single 5-V Power Supply 

Automatic Power-Down 

Access Time (t^) of 250 ns for F3564-25 and 350 ns 

for F3564-35 

Low Power Dissipation (440 mW Maximum Active, 

55 mW Maximum Standby) 

Fully TTLCompatible 

Three-State Outputs 

Mask-Programmable Enable Function 

Pin-Compatible with Other Standard 24-Pin 16K, 32K, 

and 64K ROMs and EPROMs. 



The programmable enable (E) input of the F3564 latches 
the addresses and controls the active and standby 
modes of operation (see figure 1); no external latches are 
required. The active level of the E input and the memory 
contents are user-defined. 

The F3564 requires only a single -i-5-V power supply, has 
TTL-compatlble inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The F3564 signals are described In table 1. 
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Ao 
Ai 
A2 






Oo 


— 10 


5 — 


A3 






02 


— 11 


4 -^ 


A4 






03 


^3 


2 — 


As 
Ae 






04 


— 14 


1 _ 


A7 






05 


— 15 


23 — 


As 






Oe 


^g 


22 — 
21 — 


Ag 

A12 






O7 


— 17 


19 


Aio 










18 — 


Aii 




E 








GND: 


Pin 12 


.1 






Vcc: Pin 24 
LOGIC SYMBOL 


20 





Connection Diagram 



*'L 


1 


"^-"^ 


24 


J Vcc 


A,L 


2 




23 


3^ 


AsL 






22 


JA, 


A,[: 






21 


3 A12 


A3II 






20 


3- 


^L 






19 


3 *i» 


A,i:: 






18 


3 *" 


AoL 






17 


Jo, 


ooL 






16 


Ho. 


Q,|I 


10 




15 


HOe 


Q^L 


11 




14 


3°' 


GND ^ 


12 




13 


JOo 






(Top View) 
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F3564 



Figure 1 F3564 Block Diagram 
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Table 1 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


^0*^12 


1-8, 18, 19, 
21-23 


Address Lines 


TTL-compatible input lines that identify the memory location 
to be read. 


E 


20 


Enable 


Programmable input signal that latches the address and 
controls operating mode. Active level is user-defined. 


O0-O7 


9-11, 
13-17 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location. 


Vcc 


24 


Supply 


-1-5-V power supply 


GND 


12 


Ground 


Supply and signal ground 
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F3565 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F3565 8192 x 8-bit (64K) mask-program- 
mable read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3565 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 



Logic Symbol 



Completely Static Operation 

Single 5-V Power Supply 

Automatic Power-Down 

Access Time (t^) of 250 ns for F3565-25 and 350 ns 

for F3565.35 

Low Power Dissipation (440 mW IVIaximum Active, 

55 mW Maximum Standby) 

Fully TTL-Compatibie 

Three-State Output 

Mask-Programmable Enable Function 

Pin-Compatible with Other Standard 24-Pin 16K, 32K, 

and 64K ROMs and EPROMs 



The programmable enable (E) input of the F3565 controls 
the output and the active/standby modes of operation 
(see figure 1). The active level of the E input and the 
memory contents are user-defined. 

The F3565 requires only a single +5-V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The F3565 signals are described In table 1. 
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A9 






21 — 


A12 


O7 


— 17 


19 — 


A10 






18 — 


A. 
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Connection Diagram 
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Figure 1 F3S65 Block Diagram 
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Table 1 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Aq-Ai2 


1-8, 
18, 19 
21-23 


Address Lines 


TTL-compatible input lines that identify the memory location 
to be read. 


E 


20 


Enable 


Programmable input signal that latches the address and 
controls operating mode. Active level is user-defined. 


O0-O7 


9-11, 13-17 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location. 


^CC 


24 


Supply 


+ 5-V power supply 


GND 


12 


Ground 


Supply and signal ground 
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F3566 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The F3566 8192 x 8-bit (64K) read-only memory (ROM) is 
designed for use in bus-organized systems requiring non- 
volatile memory storage. Because of Its high speed, it 
readily interfaces with all generations of NMOS 
microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3566 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 

• Completely Static Operation 

• Single 5-V Power Supply 

• High-Speed Data Valid Time of 120 ns 

• Access Time (t^ of 250 ns for F3566-25 and 350 ns 
for F3566-35 

• Low Power Dissipation (440 mW Maximum Active) 

• Fully TTL-Compatible 

• Three-State Output 

• Mask-Programmable Enable Function 

• Pin-Compatible with Other Standard 24-Pin 16K, 32K, 
and 64K ROMs and EPROMs 

The output enable (G) input controls the output and 
provides test data and valid time for high-speed 
microprocessor applications (see figure 1). The G input 
and the memory contents are user-defined. 

The F3566 required only a single -J-5-V power supply, has 
TTL-compatlble inputs and outputs, and, due to its static 
operation, needs no clocking or refreshing. 

Signal Descriptions 

The F3566 signals are described in table 1. 



Logic Symbol 
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Figure 1 F3566 Block Diagram 
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Table 1 Signal Descriptions 



Mnemonic 


Pin No. 


Name 


Description 


Aq-Ai2 


1-8, 18, 19, 
21-23 


Address Lines 


TTL-compatible input lines that identify the memory location 
to be read. 


G 


20 


Enable 


Programmable input signal that latches the address and 
controls operating mode. Active level is user-defined. 


O0-O7 


9-11, 13-17 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location. 


Vcc 


24 


Supply 


-\- 5-V power supply 


GND 


12 


Ground 


Supply and signal ground 
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F3568 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F3568 8192 x 8-bit (64K) mask-program- 
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3568 has industry standard pinouts and is compatible 
with other available 28-pin 64K ROMs and EPROMs. 



Logic Symbol 



Address Latch Feature 

Automatic Power-Down 

Access Time (t^^) of 250 ns for F3568-25 and 350 ns 

for F3568-35 

Low Power Dissipation (440 mW, Maximum, Active; 

55 mW, Maximum, Standby) 

Fully TTLCompatible 

Three-State Outputs 

Mask-Programmable Enable Function 

Single 5 V Power Supply 

Pin-Compatible with Other Standard 28-Pin 64K ROMs 

and EPROMs 



The chip enable (CE) input of the F3568 latches the 
addresses and controls the active and standby modes of 
operation; the output enable (OE) input controls the chip 
outputs and provides fast data valid time for high-speed 
microcomputer applications (see figure 1). Two chip 
select (CS) inputs are provided for memory expansion. 
The active levels of the CE and CS inputs, and the 
memory contents, are user-defined. 

The F3568 requires only a single +5 V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The input/output signal functions of the F3568 are 
described in table 1. 
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Figure 1 F3568 Block Diagram 



F3568 



A12 H 
Aii H 

Aio H 

A9 - 

As - 

A7 - 

Ae H 
A5 

A4 H 
A3 -i 
A2 

Ai 

Ao H 



ADDRESS 

INPUT 
BUFFERS 



SL 



TO 



0) 
LUO 

O u> 

UJCM 

XO 



Q0Q1Q2Q3Q4Q5Q6Q7 

I I I I I I I I 



256 



TO 



OUTPUT BUFFERS 



^ERS i^^^^ZI— 



Y DECODER 
10F-32 BYTES 



1 



2 • • • 



TO 



256 



65536-BIT 
CELL MATRIX 



CHIP 

SELECT 

INPUT 

BUFFERS 

AND 

LATCH 



OE 



-•- CS1/CS1 



CS2/CS2 



AL 



ENABLE 

INPUT 

BUFFER 



*- CE/CE 



Table 1 Signal Functions 



Mnemonic 


Pin No. 


Name 


Description 


Aq-A^2 


2-10,21, 
23-25 


Address Lines 


TTL-compatibie input lines that identify the memory location 
to be read 


CE 


20 


Chip Enable 


Programmable Input signal that latches the address and 
controls operating mode; active level is user-defined. 


CSi, CS2 


26,27 


Chip Select 


Programmable input signals that allow memory expansion; 
active level is user-defined. 


GND 


14 


Ground 


Supply and signal ground 


OE 


22 


Output Enable 


Input signal that controls outputs and provides fast data valid 
time 


Q0-Q7 


11-13, 
15-19 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location 


Vcc 


28 


Supply 


+ 5 V power supply 
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F3569 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F3569 8192 x 8-bit (64K) mask-program- 
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with ail generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3569 has industry-standard pinouts and is compatible 
with other available 28-pln 64K ROMs and EPROMs. 

• Automatic Power-Down 

• Access Time (t^ of 250 ns for F3569-25 and 350 ns 
for F3569-35 

• Low Power Dissipation (440 mW, Maximum, Active; 
55 mW, Maximum, Standby) 

• Fuily TTL-Compatible 

• Three-State Outputs 

• Masic Programmable Enable Function 

• Single 5 V Power Supply 

• Completely Static Operation 

• Pin-Compatible with Other Standard 28-Pin 64K ROMs 
and PROMs 

The chip enable (CE) input of the F3569 controls the 
active and standby modes of operation; the output 
enable (OE) input controls the chip output and provides 
fast data available time for high-speed microcomputer 
applications (see figure 1). Two chip select (CS) inputs 
are provided for memory expansion. The active levels of 
the CE and CS inputs, and the memory contents, are 
user-defined. 

The F3569 requires only a single +5 V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The input/output signal functions of the F3569 are 
described in table 1. 
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F3569 



Figure 1 F3569 Block Diagram 
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Table 1 Signal Functions 



Mnemonic 


Pin No. 


Name 


Description 


Ao"Ai2 


2-10,21, 
23-25 


Address Lines 


TTL-connpatible input lines that identify the nnemory location 
to be read 


CE 


20 


Chip Enable 


Programmable input signal that controls operating mode; 
active level is user-defined. 


081,082 


26,27 


Chip Select 


Programmable input signals that allow memory expansion; 
active level is user-defined. 


GND 


14 


Ground 


Supply and signal ground 


OE 


22 


Output Enable 


Input signal that controls outputs and provides fast data valid 
time 


Q0-Q7 


11-13, 
15-19 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location 


Vcc 


28 


Supply 


+ 5 V power supply 
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F3570 
64K ROM 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild F3570 8192 x 8-bit (64K) mask-program- 
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3570 has industry-standard pinouts and is compatible 
with other available 28-pin 64K ROMs and EPROMs. 

• Access Time (t^^^^) of 250 ns for F3570-25 and 350 ns 
for F3570-35 

• High-Speed Data Valid Time of 120 ns 

• Low Power Dissipation (440 mW, Maximum, Active) 

• Fully TTL-Compatible 

• Three-State Outputs 

• Masl(-Programmable Chip Select Active Levels 

• Single 5 V Power Supply 

• Completely Static Operation 

• Pin-Compatible with Other Standard 28-Pin 64K ROMs 
and EPROMs 



Logic Symbol 



10 — 


Ao 








Qo 


— 11 




Ai 








Qi 


12 




A2 














A3 








Q2 


13 




A4 
As 








Q3 


15 




Ae 








Q4 


— 16 


25 


A? 
Ae 








Qs 


17 


24 


Ag 








Qe 


18 


21 


Aio 








07 


19 


23 


Aii 












2 


Ai2 


CSi 


CS2 


m 







27 26 22 



GND: Pin 14 
Vcc: Pin 28 



The output enable (OE) input controls the chip output 
and provides fast data valid time for high-speed 
microprocessor applications (see figure 1). Two chip 
select (OS) inputs are provided for memory expansion. 
The active levels of the OS inputs, and the memory 
contents, are user-defined. 

The F3570 requires only a single -f 5 V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The input/output signal functions of the F3570 are 
described in table 1. 



Connection Diagram 








28-Pin Dip 










NcC 


1 


Ky 


28 


Dvcc 


A,2C 


2 




27 


I]cs, 


*'C 


3 




26 


I]0S2 


AeC 


4 




25 


D*» 


AsC 


5 




24 


3^ 


A.C 


6 




23 


1A„ 


A,C 


7 




22 


351 


A.C 


8 




21 


D Aio 


A,C 


9 




20 


3CE 


A.C 


10 




19 


3 07 


ooD 


11 




18 


DOe 


a,n 


12 




17 


D°s 


Q.C 


13 




16 


D°4 


GND C 


14 




15 


D03 






(Top View) 








8-21 



Figure 1 F3570 Block Diagram 
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Table 1 Signal Functions 



Mnemonic 


Pin No. 


Name 


Description 


Ao-A^2 


2-10,21, 
23-25 


Address Lines 


TTL-compatible input lines that identify memory location to 
be read 


08^, CS2 


26,27 


Chip Select 


Programmable input signals that allow memory expansion; 
active level is user-defined. 


GND 


14 


Ground 


Supply and signal ground 


OE 


22 


Output Enable 


Input signal that controls outputs and provides fast data valid 
time 


Q0-Q7 


11-13, 
15-19 


Data Lines 


TTL-compatible output lines that contain the data read from 
the addressed location 


Vcc 


28 


Supply 


-1- 5 V power supply 
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F35316/F68316 
2048 X 8 ROM 



Microprocessor Products 



Description 

The F35316/F68316 is a mask-programmable byte- 
organized MOS Read Only Memory (ROM) designed for use 
in bus-organized systems requiring non-volatile data storage. 
It is fabricated with n-channel silicon-gate technology. For 
ease of use, the F35316/F68316 operates from a single 
+5 V power supply, inputs and outputs are TTL and DTL 
compatible, and the device needs no clocks or refreshing 
because of its static operation. 

The F35316/F68316 is compatible with the F6800, F8 and 
other microcomputer families providing read only storage in 
byte increments. To facilitate memory expansion, the device 
contains three programmable Chip Select inputs providing 
any combination of active HIGH or LOW or an optional DON'T 
CARE state coupled with output wired-OR capability. Chip 
select code and memory content are user defined and are 
fixed during the masking process. 

The F35316/F68316 provides maximum circuit density, 
reliability and performance yet maintains low power 
dissipation and yields significant cost advantages over an 
EPROM approach. 

■ 2048 X 8-BiT BUS-COMPATIBLE ORGANIZATION 

■ FULLY STATIC OPERATION 

■ 3-STATE DATA OUTPUTS FOR WIRED-OR CAPABILITY 

■ MASK-PROGRAMMABLE CHIP SELECTS FOR 
SIMPLIFIED MEMORY EXPANSION 

■ SINGLE +5 V ± 10% POWER SUPPLY 

■ TTL AND DTL-COMPATIBLE INPUTS 

■ MULTIPLE SPEED GRADES 
UCC = 250 ns, 300 ns (F35316) 

UCC = 350 ns, 450 ns, 500 ns (F68316) 

■ DIRECTLY COMPATIBLE WITH 2316E 

■ PIN COMPATIBLE WITH F2708 AND F2716 EPROMs 



Pin Names 

Ao-Aio 

CS1-CS3 

Q0-Q7 



Address Inputs 
Chip Select Inputs 
Data Outputs 



Absolute Maximum Ratings 

Voltage on Any Pin Relative 
to GND 

Operating Temperature 
Storage Temperature 
Power Dissipation 



-0.3 V to +7 V 
0°C to +70°C 
-65°C to -f 150°C 
1 W 



Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in 
the operating section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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F35316/F68316 



Block Diagram 
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DC Requirements Over operating temperature range 



Symbol 


Characteristic 


Min 


Typ 


Max 


Unit 


Vcc 


Power Supply Voltage 


4.75 


5.0 


5.25 


V 


ViL 


Input LOW Voltage 


-0.5 




0.8 


V 


V|H 


Input HIGH Voltage 


2.0 




5.5 


V 



DC Characteristics Over operating temperature and voltage range 



Symbol 


Characteristic 


l^in 


Typ 


Max 


Unit 


Notes 


Ice 


Vcc Power Supply Current 






110 


mA 


1 


llN 


Input Leakage Current 






2.5 


mA 


2 


loUT 


Output Leakage Current 






10 


mA 


3 


Vol 


Output LOW Voltage 






0.4 


V 


louT = 1.6 mA 


VOH 


Output HIGH Voltage 


2.4 






V 


louT = -200 iiA 



Notes on following page. 
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F35316/F68316 



AC Characteristics (F35316) Over operating temperature and voltage range 


IEEE 


Symbol 


Characteristic 


F35316-25 


F353 16-30 


Unit 




Symbol^ 


Min 


Max 


Min 


Max 


Note 


TAVAV 


tCYC 


Cycle Time 


250 




300 




ns 




TAVQV 


tACC 


Address to Output Delay Time 




250 




300 


ns 


4 


TSLQV 


tco 


Chip Select to Output Delay Time 




150 




150 


ns 


4 


TSHQZ 


tDF 


Data Hold After Deselection 


10 


150 


10 


150 


ns 


4 


TAXQZ 


tOHA 


Data Hold After Address Time 


10 




10 




ns 


4 




C|N 


Input Capacitance 




7.5 




7.5 


PF 


5 




COUT 


Output Capacitance 




12.5 




12.5 


PF 


5 


AC Charac 


leristics (F68 


316) Over operating temperature and voltage range 










IEEE 


Symbol 


Characteristic 


F68316-35 


F683 16-45 


Unit 




Symbol^ 


Min 


Max 


Min 


Max 


Note 


TAVAV 


tCYC 


Cycle Time 


350 




450 




ns 




TAVQV 


tACC 


Address to Output Delay Time 




350 




450 


ns 


4 


TSLQV 


tco 


Chip Select to Output Delay Time 




150 




150 


ns 


4 


TSHQZ 


tDF 


Data Hold After Deselection 


10 


150 


10 


150 


ns 


4 


TAXQZ 


tOHA 


Data Hold After Address Time 


10 




10 




ns 


4 




C|N 


Input Capacitance 




7.5 




7.5 


pF 


5 




CoUT 


Output Capacitance 




12.5 




12.5 


pF 


5 



Notes 

1. All inputs 5 5 V, Ta = 0°C 

2. V|N = V to 5.5 V 

3 Device unselected VquT = V to 5.5 V 

4 Measured with 1 TTL load and 130 pF, transition times = 20 ns 

5 Capacitance measured with Boonton Meter 
6. Timing Parameter Abbreviations 

All timing abbreviations use upper case characters with no subscripts. The initial character is always T and is followed by four descriptors. These characters specify two 
signal points arranged in a "from-to" sequence that define a timing interval. The two descriptors for each signal point specify the signal name and the signal transitions. 
Thus the format is 

T X X X X 

Signal name from which interval is defined ^ 



Transition direction for first signal 



Signal name to which interval is defined ■ 
Transition direction for second signal — 




The signal definitions used in this data sheet are. 

A = Address 

D = Data In 

Q = Data Out 

W ^ Write Enable 

E = Chip Enable 



The transition definitions used in this data sheet are 

H = transition to HIGH 

L = transition to LOW 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to OFF (high impedance) 
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F35316/F68316 



Timing Diagram 



PROGRAMMABLE 
CHIP SELECTS 




■ DON'T CARE INPUT CONDITION OR INDETERMINATE OUTPUT STATE 



Custom ROM Programming Information 

The customer's unique program code pattern may be 
submitted to Fairchild in several methods. The most 
convenient and readily verifiable is in the form of 2708, 2716 
or 2732 EPROMs. Program code patterns may also be 
submitted on Fairchild Formulator MKIII floppy disks or on HP 
cassette tape in Formulator or 
MIKBUG* format. 



Customer Company Name . 
Customer Contact Name _ 
Customer Part No. 



Customer Input Media 

D 2708 EPROM 

D 2716 EPROM 

D 2732 EPROM 

D Floppy Disk 

D HP Cassette 

D Formulator Format 
D MIKBUG Format 

MIKBUG IS a Motorola trademark. 



Fairchild Use Only 

SL No. 


Bid Control No. 


Field Sales Enoineer 


Date Sent 




Address 


Phone No. 


Fairchild Part No. 



Request for Return Media 

D Listing 

D EPROM (include blank EPROMs) 

Chip Select Information 

HIGH LOW 

CSi D , D 

CS2 D D 

CS3 D D ■ 



Don't Care 

D 
D 
D 
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F35316/F68316 



Formuiator Format 



SOR Li 

SOR 
LiLo 



A3 A2 Ai Ao 



I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I I M-6 I M5 I IVI-4 I M3 I M-2 I M1 I M 



A3 A2 



To D0I Doo D11 



Start of record defined to be a colon (:) 

Length field defined to be the number 
of packed data bytes per record. Each 
record is (2*L) -H 11 characters in 
length inclusive of start of record. 
Length implies end of relocatable 
module. 

Address field. 



D(n-l)l D(n_i)o Dpi Dno 

Ti To Type field. 

D01 Doo. • .D(n)i D(n)o Data field. 

CKi CKo Checksum field defined to be negative 

modulo 256 summation of ail bytes 
since start of record. A summation of 
all characters in a record, including 
the checksum, will result in zero. 

All characters other than SOR are ASCII hexadecimal 
(0-9, A-F). 



MIKBUG" Format 





/ 




Leader (Nulls) 


CC = 30 
Header 
Record 


CC =31 

Data 

Record 




(CR) 


OD 


Frame 

1. Start-of-Record 


CC 39 


(LF) 


OA 


End-of-Flle 




00 


Record 






53 


53 


S 


53 


S 


53 


S 




CO 


2. Type of Record 


30 





31 


1 


39 


9 










Byte Count 


31 
32 


12 


31 
36 


16 


30 
33 


G3 














Address/Size 


30 
30 
30 
30 


0000 


31 
31 
30 
30 


1100 


30 
30 
30 
30 










Frames of Tape 








ByteC 








Checksum 




10. 

Data 


34 
38 


48-11 


39 
38 


98 


46 
43 


FC (Checks 




ount *2 










34 
34 


44-D 


30 
32 


32 










35 
32 


52-R 










ecksum) 






^ 




41 
38 


A8(Ch 












n (Checksum) 


39 

45 


9E 


































S Start of record 

CC Type of record 

Byte Count Two frames equal one byte. Frames 3 

through n are hexadecimal digits (in 



7-bit ASCII) which are converted to 

BCD. 

Two BCD digits are combined to make 

one 

8-bit byte. The checksum is the ones 

complement of the summation of 8-bit 

bytes. 
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F35316/F68316 



Ordering Information"^ 



Part No. Order Code 



F35316-25 F3531625P, F3631625S 

F353 16-30 F3531630P, F3531630S 

F683 16-35 F3531636P, F3631635S 

F683 16-45 F3531645P. F3531645S 

P = Plastic DIP 

S = Ceramic DIP 

* For extended temperature or military range, call factory. 
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Section 9 

Development Systems 

and Software 



General 

The following is data that describes the design aids 
available for hardware and software developnnent and 
emulation in the creation of Fairchild microprocessor- 
based systems. 
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Development Systems 
and Software 
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EMUTRAC™ 

Emulation and Tracing System 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild EMUTRAC is a powerful, cost-effective, in- 
circuit emulation and tracing system that supports micro- 
computer system development. The EMUTRAC system 
allows simultaneous and interactive hardware and software 
development, which permits control, interrogation, revision, 
and debugging of a microcomputer system In its own real- 
time environment. Software may be developed and debug- 
ged with or without complete prototype hardware. 

• Single Controller Fits Witliin the FS-i Chassis. 

• Interchangeable External IVIodules Individually Support 
F3870, F6800, F6809, and F9445 Microprocessors. 

• EIVIUTRAC Provides Optional Substitution for CPU and 
I/O Peripherals, as Well as Memory, in Prototype 
Systems. 

• Address-Steering Allows Selective Substitution for Proto- 
type System Memory, in Blocks of 64 Words. 

• 8K Words (or 16K Bytes) of Mappable Substitution-RAM 
is Provided, Using 2114 or 2148 Devices. 

• 4-Bit Tags, Which Aid in Breakpoint-Marking, Can Be 
Associated with Individual Substitution-Memory Loca- 
tions, 256-Location Blocks of Prototype Memory, or I/O 
Device Accesses. 

• A Tag, User-Assignable Probes, Bus Data, and Functions 
of Key Microprocessor and EMUTRAC-lnternal Signals 
Comprise the 48-Bit Machine-State Woid, Which Is Re- 
evaluated for Each Bus Cycle. 



• The Breakpoint Comparator Examines the 48-Bit 
Machine-State Word During Each Bus Cycle, and Can 
Detect Eight Simultaneous Breakpoint Conditions. 

• A Programmable Micro-Sequencer Responds During 
Each Cycle to the Detected Condition by: 

— Conditional Change in Sequence, with "Jump" or 
"Step" Functions; 

— Conditional Update of Two Independent Delay- 
Counters; 

— Optional Issue of Four Independent Pulses, to Sync 
External Tests; 

— Conditional Recording of One Trace-Frame; 

— Optional "Pause," "Interrupt," etc.. Functions. 

• Each Trace-Frame Word Captures 64 Bits, Composed of 
the Address Issued During Bus-Cycle and Machine-State 
Word. 

• Interactive Hardware/Software Debugging is Simplified, 
with Symbolic Location/Variable-Names, Instmction 
Mnemonics, and Signal-Names. 

• Simple, English-like Commands Control the Emulation 
Process. 

• Command Language Provides REPEAT, File-INCLUDE, 
and MACRO Capabilities, as Well as Session-Logfile and 
Selective-Printout Generation. 



^'^ EMUTRAC is a trademark of Fairchild Camera and Instrument Corporation. 




9-5 



EMUTRAC 



System Function 

The EMUTRAC system combines the functions of consoie 
operations, a symbolic debugger, a logic analyzer, and a 
substitution CPU and memory. The system consists of an 
EMUTRAC controller card that plugs into the FS-I develop- 
ment system and an external module that interfaces the 
controller to the target system (see figure 1). 

The EMUTRAC system supports all Fairchild 
microprocessor families, with processor-independent 
logic on the controller card and logic unique to a 
specific processor residing in the external module. 
Different microprocessors can be supported using 
different EMUTRAC modules with the same EMUTRAC 
controller card. 



Operator Interface 

The EMUTRAC control software, which runs on the FS-I, has 
simple setup commands that provide explicit control of the 
memory mapping, tag attachment, breakpoint definition, 
and sequencer action functions. Additional commands pro- 
vide the block load/dump functions for RAM definition, as 
well as the interactive examine/deposit-search operations 
usually provided in a debugger. Simple commands provide 
start, stop, and single-cycle control for the emulation; other 
commands control the operator interface providing log file 
and print generation, checkpoint creation and retrieval, and 
REPEAT, INCLUDE, and MACRO commands. The control 
software provides an easy-to-use, concise command struc- 
ture, with HELP commands to aid on-line learning, yet aids 
the accomplished user through command files to perform 
repetitious tasks. 



Figure 1 EMUTRAC System 
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Memory Substitution and Initialization 

The EMUTRAC system's RAM can selectively substitute for 
sections of the prototype system's memory. Thus, table- 
modifications or code-patches can be made to RAM, and 
the results verified, without time-consuming PROM-program- 
ming or ROM-masking. Similarly, the RAM can be used as 
memory-expansion for the. prototype system, permitting 
extra-large programs (with diagnostic or debugging aids) to 
be used during development and test. 

Block-initialization of EMUTRAC RAM or prototype RAM (or 
of any control-RAM within the EMUTRAC) can be easily 
accomplished with the "load <ramname> from <filename>" 
command. The complementary "dump <ramname> into 
<fllename>" provides a simple way to capture the current 
contents of any memory. Together, these commands allow 
"snapshots" to be taken, for later comparison and analysis 
or for quick state-restoration between test runs. 

Operator Control 

The console functions of the EMUTRAC system consist of 
four groups: run control, memory examine and deposit, I/O 
register examine and deposit, and CPU register examine 
and deposit. The run control comprises STOP, RESET, 
START, CONTINUE, and single-instruction STEP commands. 
The memory, I/O register, and CPU register examine and 
deposit controls allow the user to inspect and modify the 
state of the microprocessor, I/O device, and system memory 
registers. Locations examined can be displayed in symbolic 
form, and modifications can be made in terms of user- 
defined symbols and mnemonic instruction codes. 

Program Breakpoints 

The breakpoint feature provides controlled interruptions or 
normal program flow when the user-selected pattern of 
status conditions exists, so that memory, registers, and 
CPU status can be Interrogated and traced. To aid detection 
of ranges or scattered instances of address- or l/0-access, 
4-bit-per-location tags are provided in EMUTRAC memory; 
thus, improper memory WRITE operations, access to non- 
existent memory or I/O devices, and references to key 
variables are all simple to identify. The EMUTRAC break- 
pointing facility is extremely powerful; up to eight Indepen- 
dent breakpoints can be simultaneously monitored. 



Real-Time Trace Control 

The tracing feature of the EMUTRAC system functions like 
a dedicated logic analyzer, giving the user a record of up to 
255 previous events. The "audit trail" thus created can be 
used to find the cause of system failure. The EMUTRAC 
system, however, offers much more than a normal logic 
analyzer. 



Trace-frame generation is controlled by the programmable 
sequencer. Detection of a breakpoint can trigger capture of 
consecutive machine cycles, and counter controls can 
"center" this capture window as desired. Additionally, the 
trace log can be considerably filtered to include only those 
events surrounding the trigger that satisfy additional condi- 
tions, thereby making better use of available trace memory. 
Alternatively, short packets of trace information can be 
recorded in response to multiple trigger conditions 
encountered during testing. 

Software Timing 

The software timing feature, which works under the control 
of the breakpoint sequencer, allows the user to acquire 
statistics on the performance of the microprocessor system 
software modules. The timer allows the user to measure the 
execution time of a block of code, as well as the number of 
times that block of code was used during the execution of a 
given program. This permits the user to estimate the per- 
formance of the total system and provides direction for 
optimization efforts. It can also be used to identify failing 
sequences that take significantly smaller or larger amounts 
of time than anticipated. 

Command-Language Features 

Commands to the EMUTRAC system are issued as a sequence 
of simple, English-like sentences; diagnostic messages in 
response to command errors, and the HELP command 
assist new users in operating the system. The accom- 
plished user is assisted by language features such as: 

IF <expression> (. . .) ELSE (...) 
which allows conditional command-issue, 

REPEAT <count>(...) 
which reissues a set of commands several times, 

INCLUDE <fllename> 
which issues a pre-recorded sequence of commands, and 

MACRO <arglist>(...) 

which constructs sequences with replaceable elements. 

During the emulation, all commands are recorded In a 
session-log file as they are Issued; this file could, for 
instance, be printed as documentation of test results. 
The run can later be duplicated, or extended, by simply 
issuing the saved log-data as commands with an INCLUDE 
statement. 
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F8 and F387X 
Formulator 

Microprocessor Product 



Description 

The microprocessor system designer can create 
hardware and software development systems for the F8 
and F387X by selecting modular subassemblies from 
Fairchlld's line of F8 and F387X design aids. 
Development may start with a Formulator Mark I single- 
board system, then expand to more sophisticated Mark II 
or Mark IIFD development systems than can handle both 
software and hardware development (see figure 10-1). 
Future growth may lead to a complete Formulator Mark 
III with intelligent control panel, power supply and 
accessories, or to the top of the line Formulator Mark 
IIIFD with floppy disk drives. 

Three growth packages plus a selection of optional 
modules provide a practical method for upgrading the 
single-board Mark I to either the Mark II or Mark IIFD, or 
to the maximum system configuration Mark III or Mark 
IIIFD. Using the growth packages, the designer can 
begin sophisticated system application programs at very 
low cost and then upgrade the development tools in 
relatively inexpensive steps at a later time. 

The most elementary configuration, called the 
Formulator Mark I, includes a processor module that 
contains an F8 CPU, program storage unit that includes 
a debug program, dynamic and static memory interface 
circuits, 1024 bytes of random access memory, and the 
necessary buffers and other components for hardware 
development. It also includes a 13-slot card cage, an I/O 
cable kit, and a power cable. 

The second level, the Formulator Mark II, includes all of 
the Mark I components plus a memory board with 16 
kilobytes of RAM and the complete Formulator operating 
system, designated FOS. The FOS provides complete 
software development capability, including an 
assembler, editor, and debug package, and drivers for a 
teletype or the Tl Silent 733 terminal. 

The third level, the Formulator Mark IIFD, is identical to 
the Mark II with the addition of interface cards and 
cables for an iCOM FD3712 dual-drive floppy disk system 
and Fairchild D0S4 Floppy Disk Operating System. 

The fourth level, the Formulator Mark III, includes an 
intelligent control panel, a serial communications 
module, a quad I/O module, an attractive cabinet, and a 
power supply. Also included are 16K bytes of RAM, the 
Formulator processor module, and the Formulator 
operating system. 



The top of the line is the Formulator Mark IIIFD. This 
system is identical to the Mark III, except it interfaces to 
the iCOM dual-drive floppy disk. 

Three growth packages are available for Mark I, Mark II, 
and Mark III expansion. Growth Package I upgrades the 
Mark I system to the Mark II level. Growth Package II 
converts the Mark II to the full Mark III level. Growth 
Package III upgrades either the Mark II or Mark III to the 
Mark IIFD or the Mark IIIFD floppy disk configurations. 

Other boards are available as options for all five 
Formulator configurations to increase the flexibility of 
the units by adding to their capabilities. These include 
4K-byte RAM, 4K-byte PROM, and 16K-byte RAM boards, 
as well as an I/O light board, a communications board 
with UART, a byte-parallel board for peripheral interface, 
and a PROM programmer. 
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Fairchild System-I 



Advance Product Information 



Microprocessor Product 



Description 

The Fairchild System-I (FS-I) is a versatile, multi-user 
development system designed to support software 
development and hardware prototyping for applications 
using Fairchild microprocessors, including the F8, 
F3870, F6800, F6809, F9445, F16000, and such upcoming 
microprocessors as the F9450. 

Three principal versions of the FS-I are available: The 
FS-I Standard System, the FS-I Multi-User System, and 
the FS-I Entry-Level System. Numerous software and 
hardware options are available that operate under 
Fairchild's Interactive Multi-User Disk Operating System 
(IMDOS). The FS-I also supports the in-circuit emulation 
and tracing (EMUTRAC'^'^) system for the F3870, the 
F6800, F6809, and the F9445 microprocessors. (For a 
description of the EMUTRAC system, see EMUTRAC 
Advance Product Information.) 

Standard System 

System features include: 

• CPU with 128K-Byte RAfA and F9445 Instruction Set. 

• A Winchester and a Double-Density Floppy Drive 
Provide Approximately 10M-Byte of Mass Storage. 

• I/O Controller Board Provides Winchester/ Floppy Disk 
Controller Interface. 

• Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 
Baud) Provide Support for CRT Terminal, Optional 
Letter-Quality Printer, Modem, and Other Serial 
Devices. 

• One Synchronous Serial RS-232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
DDCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interface to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics-Compatible 
Interface). 

• Programmable Real-Time Clock. 

• One CRT Terminal. 

• Single-User Version of IMDOS, System Processors, 
and System Utility Programs (see "System 
Softv\fare"). 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS-I Diagnostic Programs. 

• Provides Full Support for the F9445 and for the 
PEP 45 Microcomputer System. 

• Hardware and Software Upgradable to Multi-User 
System. 

• EMUTRAC Can Be Added to the Standard System. 



Multi-User System 

System features include: 



Fully Equipped for Four Timesharing Users 

(Expandable to Eight Simultaneous Users with 

Additional Terminals and Cables). 

A 16Bit CPU with 128K-Byte RAM and F9445 

Instruction Set. 

A Winchester and a Double-Density Floppy Drive 

Provide Approximately 10M-Byte of Mass Storage. 

Memory Management and Protection Unit (MMPU) 

Board with 384K Bytes of RAM (Gives the System 

51 2K Words of RAM). 

I/O Controller Board Provides Winchester/Floppy Disk 

Controller Interface. 

Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 

Baud) Provide Support for CRT Terminals, Optional 

Letter-Quality Printer, Modem, and Other Serial 

Devices. 

One Synchronous Serial RS-232C Port (Up to 19.2K 

Baud) and Selectable Protocols, such as BISYNC, 

DDCMP, SDLC, and HDLC. 

PROM Programmer Port to Interface to the Optional 

Fairchild PROM Programmer Unit. 

Parallel Printer Port (Centronics-Compatible 

Interface). 

Programmable Real-Time Clock. 

Four CRT Terminals. 

Multi-User Version of IMDOS, System Processors, 

and System Utility Programs (see "System 

Software"). 

BASIC Language Interpreter with Interface to Custom 

F9445 Assembly Language Programs. 

FS-I Diagnostic Programs. 

Provides Full Support for the F9445 and for the PEP 

45 Microcomputer System. 

EMUTRAC Can Easily Be Added to the Multiuser 

System. 




Entry-Level System 

System features include: 

• A 16-Bit CPU with 128K-Byte RAM and F9445 
Instruction Set. 

• Two Double-Density Floppy Disk Drives Provide 
Approximately IM-Byte of Mass Storage. 

• I/O Controller Board Provides Floppy Disk Controller 
Interface. 

• Nine Asynchronous Serial RS-232C Ports (Up to 19.2K 
Baud) Provide Support for CRT Terminal, Optional 
Letter-Quality Printer, Modem, and Other Serial 
Devices. 



^•^ EMUTRAC is a trademark of Fairchild Camera and Instrument Corp. 
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• One Synchronous Serial RS-232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
DDCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interface to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics-Compatible 
Interface). 

• Programmable Real-Time Clock. 

• One CRT Terminal. 

• Single-User Version of IMDOS, System Processors, 
and System Utility Programs (see "System 
Software"). 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS-I Diagnostic Programs. 

• Full Support for the F9445 and for the PEP 45 
Microcomputer System. 

• Hardware and Software Factory-Upgradeable to 
Standard or Multi-User System. 

• EMUTRAC and MMPU Can Be Added to System. 

System Hardware 

The hardware comprising the FS-I development system is 
housed in a single enclosure that contains the 
mainframe CPU, I/O board, optional boards, and disk 
drives. 

The mainframe consists of: 

• Single-Board 16-Bit CPU with 128K Bytes of RAM, 
4K-Byte PEPBUG45 PROMs for Bootstrapping the 
System, Real-Time Clock, an RS-232C-Compatible 
Port, and a Centronics-Parallel Compatible Port. 

• Power Supplies. 

• I/O Controller Board with the Following: 

• Eight Asynchronous Serial RS-232C Ports, with 
Four Ports Having Full Modem Control and All 
Ports Having Data Rate Selectable Up to 19.2K 
Baud, that Allow Timesharing by Up to Eight 
Concurrent Users on Systems Equipped with 
MMPU Board and Multi-User Operating System 
Software. 

• One Synchronous Serial RS-232C Port (Up to 
19.2K Baud) and Selectable Protocols, such as 
BISYNC, DDCMP, SDLC, and HDLC. 

• A Parallel Data Channel Interface Compatible with 
Shugart Associates System Interface for 
Communicating with Disk Units. 

• 8-Bit Parallel Port to Interface with Optional 
Fairchild PROM Programmer. 

• A Total of Nine Asynchronous Serial Ports (RS-232C- 
Compatible, DB25-Pin Female Connectors). 

• One Parallel Printer Port (Centronics-Compatible 
Interface, DB25-Pin Connector). 



• Expansion Slots for Fairchild's Optional I/O 
Controller Boards, Optional EMUTRAC Controller 
Board, Memory Expansion Boards, MMPU Board, and 
Industry-Standard, Nova® 1/0-Compatible interface 
Boards. 

• Depending Upon System Configuration, the 
Mainframe Contains a Single 10M-Byte Winchester 
and a Single 0.5M-Byte Double-Density Floppy Disk 
Drive or Two 0.5M-Byte Double-Density Floppy Disk 
Drives. 

The MMPU board expands the physical address space of 
the FS-I to 4M words by performing logical-to-physical 
address translation. This board is required for multi-user 
system software. With its 384K bytes of RAM, the MMPU 
board extends the FS-I memory to 256K words. 

Hardware Options 

The FS-I systems support the following Fairchild- 
supplied hardware options: 

• Additional I/O Controller Boards that Provide 
Asynchronous RS-232C Ports (Up to 19.2K Baud) in 
Sets of Eight, a Synchronous RS-232C Port for each 
I/O Controller Board, Data Channel Interface to Disk 
Units, and a PROM Programmer Port for each I/O 
Controller Board. 

• Fairchild's PROM Programmer Unit. 

• MMPU Board that Provides Memory Mapping and 
Protection Expansion in Increments of 384K Bytes, 
Optional Multi-User Software Allows the MMPU Board 
to Support Eight Simultaneous Users. 

• Memory Expansion Board that Provides 384K Bytes 
of Additional RAM (Requires an MMPU Board in the 
Chassis). 

• EMUTRAC System Controller Board that Provides the 
Hardware Interface Between the CPU Board in the 
FS-I and Processor-Specific EMUTRAC Modules. 

• EMUTRAC Modules and EMUTRAC Control Software 
that Support the F3870, the F6800, the F6809, and the 
F9445 Microprocessors. 

• Additional CRT Terminals. 

• Dot Matrix Printer— Texas Instruments Model 810 
Basic RO Terminal (150 CPS), Centronics Parallel 
Interface, and Cable. 

• Daisywheei Letter-Quality Printer— Oume Model 
Sprint 9145 with Bidirectional Forms Tractor (45 CPS), 
Serial Interface, and Cable. 



Nova is a registered trademark of Data General Corp. 
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This powerful software package, which is included with 
the standard, multi-user, and entry-level systems, offers 
advanced capabilities that the user would normally 
expect from a much larger system, such as: 



Multi-User Timesharing 

System Executive, Including File Management 

System with Version Numbers for Automatic Backup 

Memory Management and Protection by Memory 

Mapping 

Password Protection 

Interactive Command Language and Command Files 

Multiple Directory Devices 

Device-Independent I/O 

Hard Disk, Magnetic Tape, Modem, and Real-Time 

Clock Support 

Documentation Aids 

Concurrent Processing and Spooling 



System Software 

The interactive multi-user disk operating system (IMDOS) 
is the principal operating system for the FS-I. In addition 
to being an operating system, the IMDOS includes the 
following features that are useful for developing 
F9445-based systems: 



IMDOS 



IMDOS 



IMDOS 



EDIT 



MACRO 



RELOAD 



Single-User Supervisor— The 
supervisor manages the FS-I 
resources and controls the I/O. 

Multi-User Supervisor— The supervisor 
manages the FS-I resources for up to 
eight simultaneous users, controls 
the I/O, and interfaces transparently 
to the MMPU board (included only 
with the multi-user system). 

Executive— The executive provides 
the command language interface 
between the user and the supervisor. 

The EDIT program provides the ability 
to create and modify text files. 

The MACRO program is the 
macroassembler for F9445 macro 
assembly language. 

The RELOAD program is used to link 
relocatable macro assembly language 
programs to create executable F9445 
absolute assembly language 
programs. 



PEPBUG45 The PEPBUG45 program is a virtual 

console and debugging tool for F9445 
absolute assembly language 
programs. The PEPBUG45 program is 
also available in PROM. 

PEPLINK45 Provides capability to download 

programs from the FS-I to PROM or 
RAM on the PEP 45 microcomputer 
system. 

Utility Library Implements the utility functions listed 

in the IMDOS and utility library users 
guides. 

PHONE The PHONE program establishes 

communication between the FS-I and 
a modem or telephone line. Software 
switches govern communication 
protocols. 

SCRIPT The SCRIPT program processes a text 

file that contains SCRIPT commands 
to produce an aesthetically pleasing 
document. 

TYPESET The TYPESET program processes a 

text file that contains TYPESET 
commands to produce an 
aesthetically pleasing document. 

DEBUG The DEBUG program is a debugger 

for F9445 macro assembly language 
programs. 

DIAGNOSTICS A series of programs that test the 
FS-I hardware. The diagnostic 
programs are available on diskette in 
a version suitable for downloading to 
an F9445-based system. 

BASIC Language interpreter with interface to 

custom F9445 assembly language 
programs. 
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Software Options 

F9445 
MICROFORTRAN 



F9445 PASCAL 



FS-I/PEP 38 
System Software 

FS-I/PEP 68 
System Software 



F16000 Cross 
Software 



An extended subset of FORTRAN66 
that interfaces with custom F9445 
assembly language subroutines. 
MICROFORTRAN produces 
"ROMable" F9445 code and can be 
operated under the real-time 
executive (REX). 

A Jensen and Wirth-compatible 
PASCAL. The F9445 PASCAL 
compiler generates F9445 code and 
interfaces with custom F9445 
assembly language subroutines. 

Includes F8/F3870 cross assembler 
and program for downloading to the 
PEP 38 system. 

Includes F6800 cross assembler, 
F6809 .cross assembler, F6800-to- 
F6809 translator program, and 
program for downloading to the PEP 
68 system. 

Assembler, debugger, and 
downloader allow the FS-I to 
generate 16000 code that can be 
downloaded to an F16000-based 
system. 



F9445 REX 



F9445 PEPBASIC 



A real-time executive for 
F9445-based systems. The REX 
system allows creation of custom 
REX programs, linkable using 
RELOAD. 

A diskette version of PEPBASIC 
(supplied on PROM with the PEP 45 
system). A 2K-word subset of BASIC, 
which accepts abbreviations, that is 
extendable with custom F9445 
assembly language subroutines. 

Optional EMUTRAC control software 
packages provide support for each 
processor-specific EMUTRAC 
module. (Refer to EMUTRAC 
Advance Product Information.) 



In addition, all Fairchild software for the FS-I is 
independently available without system purchase under 
an tippropriate software license agreement.^ 

Dimensions and Power Requirements 

The FS-I standard mainframe enclosure measures only 
26 inches long by 19 inches wide by 13 inches high. It 
requires a 115 V, 60 Hz ac power source. A 50 Hz system 
is also available. 



EMUTRAC Control 
Software 
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PEP-45 

Prototyping, Evaluation and 

Programming Board 



Microprocessor Product 



Description 

The Fairchild PEP-45 is a single-board microcomputer for 
Prototyping, Evaluation, and Programming of microproces- 
sor-based system applications using the F9445 micro- 
processor. When used with the Fairchild System-I (FS-I) 
development system, the PEP-45 board provides capability 
for executing and debugging software directly on the F9445 
microprocessor. 

• Stand-alone Prototyping, Evaluation, and Programming 
Board. 

• Provides a Powerful Development Tool to Support F9445 
Microprocessor-based System Development. 

• Utilizes All the Advantages of the F9445 Microprocessor, 
with Its Powerful Instruction Set and High Throughput. 

• Memory Options for Bipolar and NMOS Memories. 

• Interfaces with IEEE 796 Standard Bus. 

• Buffered F9445 bus. 

• On-board EPROM Programmer. 

• Adapts to 16K or 32K Byte EPROMs or 64K Byte Masked 
ROMs. 

• Standard- and High-Speed RAM Options. 

• Console Commands. 

• Two Serial I/O Ports. 

• 16-Bit Parallel Input/Output. 

• Four Interrupt Sources. 

• Five Status Lines. 

• On-board +12 V and +25 V Voltage Converter. 

• Requires Single +5 V Power Supply. 

The PEP-45 board is primarily intended for use in hardware 
prototyping and software development applications. It may 
also be tied to a host computer, such as the FS-I, for large 
program editing, assembling/compiling, and general file 
storage and handling. Cross-assembler software packages 
are available for creating machine-executable programs in 
formatted form. These programs may be down-loaded from 
the host computer system into the PEP-45 board via one of 
the two serial I/O channels. Since the PEP-45 board can 
operate in a transparent fashion, it may be placed in-line 
between the user's in-house terminal and the host compu- 
ter, giving the PEP-45 the power of the host. 

Also useful for incoming inspector of F9445 parts and as a 
microcomputer training tool, the PEP-45 interacts with the 
user at the control terminal, with prompts that assist pro- 
gramming. The control terminal may be a video terminal, 
printer terminal, or from a microcomputer control console. 



Software Support 

In addition to serving as an efficient stand-alone evaluation 
module, the PEP-45 is designed to operate as a key module 
of the FS-I development system. A PEPLINK utility transpar- 
ently couples the FS-I video terminal to the PEP-45 board. 

A powerful PROM-based PEPBUG debugging monitor pro- 
vides commands for trouble-shooting assembly language 
programs and for developing and testing peripheral circuits 
and custom interfaces. A PROM-based PEPBASIC language 
allows programming in a high-level language. 

Hardware Specifications 



Microprocessor 




CPU 


F9445 


Data word size 


16 bits 


Instruction word size 


16 bits 


Address capability 


128K bytes 


Console controller 


F9470 


Memory 




RAM 


BK bytes (4K words) static RAM 




(or optional high-speed RAM) 


ROM 


Eight sockets for 16K bytes of 




F2716 EPROMs (BK words), or up 




to 32K bytes using F2732 EPROMs 




(16K words), or masked 64K byte 




ROMs using F3564 


Expansion 


External memory in any combina- 




tion of RAM or ROM up to 64K 




bytes maximum (in 16-bit-wide 




only) 


Input/Output 




Parallel I/O 


Two TTL-compatlble, 16-bit I/O 



Serial I/O 



Real-Time Clock 



B 



ports (one input, one output) 

Two programmable, asynchronous 
channels, with RS-232 interfaces. 
Each channel is software-select- 
able to a baud rate of 110, 300, 
1200, 1B00, 2400, or 4800 baud 

Continuously selectable real-time 
clock interrupts from approxi- 
mately 200 ^s to 200 ms 
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System Buses 

Dual backplane buses 



I/O buses 



Connectors 



PI — An 86-pin asynchronous sys- 
tem bus compatible with standard 
Multibus 16-bit slave boards and 
multi-master option 

P2— A 60-pin buffered F9445 bus 
that allows complete expansion of 
processor capabilities and faster 
operating speeds 
J1 —A 9-pin RS-232C serial I/O 
interface for control terminal 

J2— A 9-pin RS-232C second 
serial I/O interface for a serial 
printer or a host computer 

P3— A 40-pin applications con- 
nector with two parallel I/O ports 
(one input and one output), and 
with status and control bits. May 
be used for connection to the 
microcomputer control console or 
to a high-speed parallel printer 
(Centronics-type) 

P1 —An 86-contact, double-sided 
edge connector on 0,156" centers 

P2— A 60-contact, double-sided 
edge connector on 0.100" centers 

J1, J2— 9-pln, D-type subminla- 
ture right-angle connectors 

P3— A 40-pln, D-type subminia- 
ture right-angle connector 



Power Supply 
Requirements^ 

Environmental 
Requirements 

Temperature 
Humidity 

Physical Envelope 
Dimensions^ 

Height 

Length 

Thickness 

Weight 



+5 V ±5% at 3.5 A (typ) 



0*»C to -i-50''C 

0% to 90% (noncondensing) 



10.0 (254) 

12.0 (305) 

0.75 (19.05) 

17 oz. (approximately) 



Notes 

1. Power may be applied to the board either through the card-edge bacl<- 
piane connector or by connection of discrete wires to the board. 

2. Ail dimensions are in inches and rhillimeters (in parentheses). 

Fairchild cannot assume responsibility for use of any cir- 
cuitry described other than circuitry embodied in a Fairchild 
product. 

Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 



Ordering Data 



Part Number 


Product Code 


Description 


PEP 9445SFX 


A F944516PEP 


PEP-45 Board with 8K byte PROM sockets populated with PEPBASIC 
and PEPBUG firmware. Firmware carries copywriter notice. Minimum of 
four PROM sockets will not be populated. 

PEP-45 Users Guide, PEPBASIC, and PEPBUG Users Guide supplied. 


PEP 9445SXX 


A F944516PEP 


PEP-45 Board with 8K byte static MOS and eight PROM sockets not 
populated. 

PEP-45 Users Guide supplied. No firmware included. 


PEP 9445HXX 


AF944520PEP 


PEP 9445 Board with 8K byte high speed RAM and PROM sockets not 
populated. 

PEP-45 Users Manual supplied. No firmware or users guides included. 
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Advance Product Information 



PEP 68 System 
Single-Board Microcomputer 
Development System 



Microprocessor Product 



Description 

The PEP 68 System is a single-board microcomputer 
specifically designed to aid microprocessor 
hardware/software designers in designing, prototyping, 
and debugging their 6802-, 6808-, or 6809-based system. 
A powerful, ROM-based debugging monitor provides 
commands for trouble-shooting machine-language 
programs. Other monitor commands provide for easy 
development and testing of peripheral circuits and 
custom interfaces. The monitor includes a full 
complement of utility routines to make the 
hardware/software/firmware design cycles as easy as 
possible. 

The PEP 68 System is useful as a microcomputer 
training tool. Its friendly interaction with the user at the 
control terminal, through its liberal use of prompting, 
makes procedures easy to learn for the beginner. The 
system can be operated using only a serial display 
terminal and a power supply. 

Since the system possesses two separate bus 
connectors, expansion with external memory or 
peripheral boards is simply a matter of providing a 
backplane connection. Thus, the PEP 68 System can act 
as a bus master in a multicard system. 



• Single-Board, Stand-Alone System 

• Processor Options— 6802, 6808, or 6809 

• Asynchronous Multibus* Compatible 

• Auxiliary Synchronous 680X Bus 

• Programming Socket for 2716 or 2732 EPROMs 

• 8K-Byte System Monitor in ROM 

• 9K Bytes of Static RAM— 8K User, 1K System (Write- 
Protectable Segments) 

• Six Sockets for User-Supplied ROM/EPROM (2K, 4K, 
or 8K Types) 

• Sixteen Possible Memory Map Configurations 
(Switch-Selectable) 

• Two High-Speed Audio Cassette Tape Interfaces 

• Two Independent Serial I/O Channels— RS-232-C 

• Independent Baud Rate Selection— 50 Through 
19.2K bps 

• Connector for Parallel Printer (Centronics Type) 

• Six 8-Bit Parallel I/O Ports Plus Controls 

• Three Programmable 16-Bit Binary Timers 

• -«- 5 Volt-Only Operation 











i^^ 



%m^^ 






* Multibus is a trademark of Intel Corporation. 



9-17 



PEP 68 



Block Diagram 
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Hardware Description 

The PEP 68 System is a single-board, stand-alone 
microcomputer utilizing either a 6802, 6808, or 6809 
microprocessor as its central processing element. The 
system may be connected to a larger, host computer 
system to utilize that system's file storage, editing, and 
assembling capabilities. Thus, source language 
programs can be created, edited, and assembled on the 
host computer system using PEP-UP cross-assembler 
software packages. The resulting machine-language 
programs can then be downloaded into the PEP 68 
System on-board RAM, executed, and debugged. 

Dual Bus Interfaces 

The PEP 68 System can also serve as the central 
processor in a multiboard system with connections to 
peripheral boards accomplished via a bus interface and 
the cardcage backplane. It has two separate bus 
interfaces: one synchronous and one asynchronous. The 
synchronous bus interface includes the system CPU 
signals and allows for expansion using synchronous 
680X peripheral boards. The asynchronous bus interface, 



on the other hand, allows for system expansion with 
peripheral boards that use the industry-standard 
Multibus interface. The asynchronous aspect is 
accomplished by stretching the CPU's system clock. 
Both bus interfaces on the PEP 68 System can 
simultaneously connect to external peripheral boards. 
However, the PEP 68 System can be the only master 
central processor board in the system. 

Memory 

The PEP 68 System contains 8K bytes of on-card static 
RAM storage for user application programs. Each 
4K-byte segment can be separately write-protected by 
means of either an on-card switch or by signals at the 
bus edge connector. There are an additional 1K bytes of 
RAM for use by the board's ROM monitor. A total of six 
ROM or EPROM sockets is provided on-board. Each can 
be jumpered for either 2K, 4K, or 8K-byte devices, i.e., 
many of the various 24-pin ROMs or EPROMs. Normally, 
one or two of these sockets contain the FAIRBUG/68 
monitor ROM, but if desired, they can be used for user 
code instead. 
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All on-board memory and I/O address decoding is done 
through the use of a bipolar PROM. This PROM and the 
four DIP switches tied to it allow the user to select one 
of 16 different memory map configurations depending on 
system requirements. This feature is especially useful 
during the program development phase of a project since 
the user's code can be resident in either RAM or EPROM 
and can be relocated with a switch change. 

Serial I/O Channels 

The board contains two serial I/O channels. Both 
channels are general-purpose and may be used with any 
serial RS-232-C device. One channel is normally used for 
communication with the user's control terminal; while 
the second channel would normally be used for the 
interface to the host computer system. However, this 
second channel could be used for any serial I/O use, 
such as a printer or modem. The RS-232-C interfaces 
generate their own + 12 and - 12 volt levels. Thus no 
additional supplies, other than the +5 V^^, supply, are 
required. 

Each channel has a separate baud-rate clock circuit in 
which the baud-rate is hardware switch-selectable. This 
allows very fast communication with a local command 
terminal on channel 1 and communication with a slower 
speed device such as printer, modem, or phone link on 
channel 2. Allowed baud rates on each channel are 50, 
110, 150, 300, 1200, 1800, 2400, 4800, 9600, or 19,200 bps. 

Parallel I/O Ports and Programmable Timers 

The PEP 68 System has six I/O ports and associated 
control signals that can be used for general-purpose 
input/output. Four ports are available at the top card 
edge connector, while the remaining 2 are accessible via 
a special plug-in connector. The latter two ports can be 
used optionally for driving a high speed parallel printer 
with a special cable that attaches to the board through 
the plug-in connector. 

The signals and controls associated with the three 
binary timers are accessed via the card edge connector. 
Each of these three software programmable timers is 16 
bits long and can be operated in several different modes, 
including continuous, single-shot, frequency comparison 
or pulse-width comparison modes. 

Audio Cassette Tape Interfaces 

There are provisions on the PEP 68 System for 
connecting two audio cassette tape recorders for storing 
and retrieving user's applications programs. The 



interfaces are driven by code contained within the 
monitor, thus minimizing the required hardware circuitry. 
The recording format is a self-clocking method that 
allows synchronous data transfers rates of up to 2000 
bits per second. Connections between the recorder and 
the board are made with subminiature phone jacks. 

EPROM Programming Socket 

The PEP 68 System provides a zero-insertion-force 
socket for electrically programming 2716 and 2732 type 
EPROMs; therefore, the user's application programs 
residing in RAM can be preserved by "burning" the code 
into an EPROM. Subsequent execution can be from 
either RAM or EPROM. The programming socket is 
driven by signals from three of the six on-board I/O 
ports. The monitor provides commands to perform the 
following: blank check tests, copy EPROM contents to 
memory, verify EPROM contents against memory, 
program any portion of EPROM, and masking non-blank 
EPROMs against code in memory. 

Software Description 



Display or Alter any CPU Register 

Display or Alter any Memory Location 

Display a Range of Memory 

Display the Previous (or next) Location in Memory 

Rapidly Input Consecutive Data Strings to Memory 

Find (search for) the Address of the Next Occurrence 

of a Specified Data String 

Fill a Range of Memory with a Given Data String 

Move (Copy) a Block of Memory from One Address 

Range to Another Address Range 

Go to an Address and Begin Executing a User 

Program 

Load a Formatted File from Either Serial Channel 

with an Optional Address Bias (Multiple Formats 

Allowed) 

Punch/Dump a Formatted File to Either Serial 

Channel with an Optional Address Bias (Multiple 

Formats) 

Compare Two Memory Ranges for Differences 

Calculate Checksums Over a Range of Memory 

Insert a Program "Patch" 

Disassemble Machine Code into Assembly 

mnemonics 

Set, Clear, and Display up to 8 Address Breakpoints 

Remove all Breakpoints Temporarily and Then Be 

Able to Restore Them Intact 

Continue or Resume Execution After a Break Occurs 

or After Stopping or Tracing 

Calculate Relative Branch Offsets and Perform 

Double Precision Hexadecimal Arithmetic 

Program 2716 or 2732 Type EPROMs 
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• 32 User-Definable Functions 

• Examine/Alter i/O Port Bits 

• Single-Step Program Execution Through NN 
Instructions of a Program 

• Step Through Instructions Conditionally Until 
Specified Condition is Met 

• Trace Through NN Instructions Displaying the CPU 
Registers After Each Instruction 

• Trace Through Instructions Displaying CPU Registers 
After Each Occurence Until Specified Condition 

is Met 



Transparent Mode Operation for Conversing with a 

Host Computer from the Same Command Terminal 

Echo Incoming Data from Either of the Serial 

I/O Channels to the Parallel Printer Port 

Echo Monitor Output to Parallel Printer Port for 

Hardcopy of Monitor Output 

Enter ASCII Strings to Memory 

Print ASCII Strings from Memory 

Keyboard Test Mode 



Applications 
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Dedicated Use 



PEP 68 
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Hardware Specifications 



Hardware Specifications 



IVIicroprocessor 

CPU 

Data word size 



6802, 6808, 6809 
8 bits (1 byte) 



Instruction word 6809: 1-4 bytes 6802/6808: 1-3 bytes 
size 



Cycle time 


1.0 ^s 


System clock 


4,000 MHz 


Address 
capability 


65,536 bytes 


Memory 




RAM 


9K bytes, static 
2114 RAM on-board 



ROM Six sockets for 24-pln ROMs or 

EPROMs. Accepts device types: 
2516, 2716, 2532, 2732, 68316, 68332, 
68364, or 68764 (i.e., anywhere from 
2K to 48K bytes of ROM) 

Expansion External memory In any combination 

of RAM or ROM up to 64K bytes 
maximum 



Input/Output 

Parallel I/O 

Serial I/O 



Six TTL-compatible, bidirectional 
8-bit I/O ports with two port controls 
each 

Two programmable, asynchronous 
channels with full RS-232-C 
interfaces 

Each channel is double-buffered and 
has independent switch-selectable 
baud rates of 50, 110, 150, 300, 1200, 
1800, 2400, 4800, 9600, or 19,200 bps 



Timers 

3 Binary Timers 



Interrupts 

Hardware 



Software 



Three separate 16-bit binary 
counters 

Each independently software 
controlable and readable 

Each with external clock and gate 
controls for frequency and pulse- 
width measurements 

Each with a counter output pin 



One non-maskable interrupt line 
available at both system bus edge 
connectors (wired-OR to the Restart 
pushbutton switch for initiating 
manual interrupts) 

One maskable interrupt line for fast 
interrupt response (6809 only) 

One maskable I/O interrupt line 

Software interrupts available: 
1 for 6802/6808 
3 for 6809 
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System Busses 

Dual Backplane 
Busses 



I/O Busses 



P1— an 86-pin asynchronous system 
bus compatible with standard 
Multibus slave boards (multi-master 
options not supported) 

P2— a 60-pin synchronous MPU bus 
that allows complete expansion 
capabilities and faster operating 
speeds 

P3— a 60-pin applications bus with 
four parallel I/O ports with controls, 
plus three sets of counter controls 
for the three on-board binary timers 

P4— a 25-pin applications connector 
with two parallel I/O ports with 
controls; can be used for connection 
with a high-speed parallel printer 
(Centronics type) 

P5— a 9-pin RS-232-C serial I/O 
interface 

P6— a 9-pin RS-232-C serial I/O 
interface 



Power Supplies 




Requirements 


+ 5 V^c ±5% @ 2.5 A(typ) 




+ 25 y^^ @ 30 mA (typ) (used for 
EPROM programming only) 


Environmental 




Temperature 


Oto +50°C 


Humidity 


to 90% (noncondensing) 


Physical 
Dimensions^ 




Height 


8.0 (203.2) 


Length 


12.0(305) 


Thickness 


0.672 (17.1) 


Weight 


17 oz. (approximate) 



Notes 

1. Power can be applied to the board either through the card-edge 
backplane connector, or by connection of discrete wires to the on- 
board screw-down terminal strip. 

2. All dimensions in inches bold and millimeters (parentheses) 



Connectors 



PI— 86-contact, double-sided edge 
connector on 0.156" centers 

P2— 60-contact, double-sided edge 
connector on 0.100" centers 



P3— 60-contact, double-sided edge 
connector on 0.100" centers 

P4— 25-pin, subminiature D-type 
right angle connector 

P5, P6— 9-pin, subminiature D-type 
right angle connector 
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Ordering Information 

Order Number Description 



PEP680XCSD 



PEP 68 Single Board Development 
■ System 

NN = without cross-assembler 



specifies CPU type 

8 = 6802/6808 CPU or 

9 = 6809 CPU 



for Intel MDS systems 
(single density floppy disk) 

for Intel MDS systems 
(double density floppy disk) 



Relocatable Macro Cross-Assembler Software Packages 
for F6800, F6801, F6802, F6803 Using 
Intel MDS-800 Series Development Systems 

Tine PEP 68 System is available with cross-assembler 
software packages that allow users of Intel development 
systems to do software development for F6800, F6801, 
F6802, and F6803 CPUs on their own systems. The cross- 
assembler software package is compatible with both the 
Motorola and Fairchild language syntax. Useful features 
similar to those of the 8080/8085 Assembler are included 
to provide systems compatibility. 

The assembler accepts the user's source program as 
input and translates it into machine-executable code. 
Relocatable object modules are linked together into load 
modules and then into execution modules under the 
ISIS-II operating system. Application programs can then 
be downloaded in a formatted form through a serial port 
to the PEP 68 System's on-card memory. Now the 
program can be exercised and debugged using the 
FAIRBUG/68 debug monitor. 

• 680X Cross-Assembler Software Package 

• Intellec 800 and 888 Series II Compatible 

• Full Macro Capability 

• Expanded Relocation Capability 

• Expanded Assembler Directives 

• Comprehensive Conditional Assembly 

• Includes Logical, Comparative, and Expression 
Truncation Operators 
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PEP F387X 
Formulator 

Microprocessor Product 



Description 

A single-board microcomputer for program development 
timing, debugging, and emulating the F387X family of 
sjngle-chip microcomputers, tlie PEP F387X system 
includes an F38E70 EPROIVI microcomputer programmer, 
an on-board keypad, address and data displays. A 40-pin 
emulation cable is also provided. 

Features 

• Full In-Circuit Emulation of the F3870 and F3872 
Microcomputers 

• On-Card Keypad for Command and Data Entry 

• On-Card 7-Segment Address and Data Displays 

• Programming Sockets for F38E70s and 2716s 

• 2K Bytes of 2114 Static RAM Plus Space for an 
Additional 2K Bytes 

• Space for 6K Bytes of 2716 EPROM 

• 2K-Byte Firmware Monitor 

• Flexible Memory-Map Strapping Options 

• Crystal-Controlled System Clocks 

• Four General-Purpose Programmable Timers 

• Four General-Purpose Interrupt Controls 

• Current-Loop and EIA RS232C Serial I/O 

• Spare 8-Bit I/O Port 

• Requires Only -i- 5 and + 12V Supplies 




)l^''kl.lMi''"'' 
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Software Packages 



Microprocessor Product 



Several software packages are offered by the 
Microprocessor Division for the system developer. A brief 
description of each one follows. 

F8 Formulator Disk Operating System Version 4.0 (D0S4) 

The Formulator Disk Operating System version 4.0 (D0S4) 
provides the F8 or F387X system developer with a complete 
set of tools for software development including source pro- 
gram editor, relocatable assembler, linking loader and in- 
teractive debugger. Also included are many utilities for effi- 
cient use of the floppy disk subsystem and support for a 
number of other standard peripherals. The D0S4 is an im- 
proved and streamlined version of the F8-D03 with added 
capability and greater ease of use. 

FAST Software Debugger 

The FAST software debugger (FSD) is a fast software 
debugging monitor for F8/F387X microcomputer systems 
programs. Its speed and ease of use meet or exceed any 
other method of debugging F8/F387X programs. 

The FSD is designed for use with the Fairchild F387X pro- 
gramming, evaluation, and prototyping (PEP) board. It 
replaces the PEPBUB monitor chip provided with the board 
and allows all operations to be performed through a CRT 
terminal rather than through the PEG BUG keypad. It does 
not support parallel paper tape I/O. 

FAIRBUG 

A special Debug ROM 3851 A PSU provides the F8 user with 
a convenient and powerful programming debug facility that 
is used in the development of F8 programs. This debugging 
program (FAIR-BUG) provides the user with an interactive 
system via a teletype terminal. The following capabilities 
are provided: 

Display or Alter Memory locations 

Display or Alter Scratchpad Registers 

Display of Alter Accumulator, ISAR, 

Status (W Register) 

Display or Alter POO, DCO, DC1 

Load Formatted Paper Tape 

Punch Formatted Paper Tape 

Punch Paper Tape in PROM Format 

Entry from Keyboard or by Program Instruction 

I/O Subroutines available to user 

F8/F3870 PEPBUG 

A special F38T56 PSU with a debug monitor (PEPBUG 38) 
has been developed by Fairchild to provide the user with a 



convenient and powerful programming debug facility to aid 
in the development of F8 or F387X programs. The debugg- 
ing program provides the user with an interactive system 
via a teletype terminal or via a 4 x 6 keypad. This is the 
standard debugging aid provided with the PEP 387X 
development board. 

IVIinicomputer F8/F387X Cross Assembler 

The Fairchild F8/F387X Cross Assembler is designed for 
use on any 16-bit word length minicomputer with an ANSI 
FORTRAN IV Compiler. The Cross Assembler is Indepen- 
dent of machine character representation and numerical 
representation. Minor alterations may be required to satisfy 
various Computer/Operating System/Peripheral 
Device combinations. 

Installation and modification of this program should be per- 
formed by a programmer who Is quite familiar with 
FORTRAN IV and with the hardware and software con- 
figuration of the target computer. Under such cir- 
cumstances, installation can probably be completed in one 
or two days. 

F9445 BASIC Language Package 

The Fairchild BASIC language interpreter for F9445-based 
systems is specifically tailored to high-performance 
microcomputing, providing a powerful, interactive program- 
ming language that can be used to solve a wide range of 
application problems. It incorporates extensions of and 
modifications to the BASIC language originally developed 
at Dartmouth College. The Fairchild enhanced BASIC in- 
creases the capability and flexibility of the language with a 
complete set of data types, additional statements and func- 
tions, comprehensive data management facilities, file 
management an I/O control and multi-dimensional array 
capabilities. Interface to custom Fg445 assembly language 
programs is also provided. The BASIC language Is fully sup- 
ported by the F9445 Interactive Multi-User Disk Operating 
System (IMDOS), which allows full use of the extensive 
operating features of IMDOS, such as independent I/O and 
the ability to dynamically create, access, and delete files. 

F9445 PEPBASIC Language Package 

The Fairchild PEPBASIC, designed to reside in a 2K PROM, 
retains the essential simplicity and computational power of 
BASIC. PEPBASIC provides a unique capability to extend 
and customize programs, either through enhancements 
written by the user in F9445 absolute assembly language. 
Versatile applications like real-time process control, data 
acquisition, or math packages can be created, based on the 
general-purpose facilities available within PEPBASIC. 
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F9445 PEPBUQ Package 

The Fairchild F9446 PEPBUG package is the interactive en- 
try and debugging software for use with the F9445 family of 
microprocessor products. The PEPBUG 45 software 
package creates a versatile and efficient control environ- 
ment, enabling the user to enter and test F9445 absolute 
assembly language programs interactively. It is unique 
among the programs offered with the F9445 family in that it 
gives the user control of the microprcessor through a video 
terminal, provides many different capabilities in a single 
stand-alone mini-executive program, and occupies a 
relatively small amount (2 thousand bytes) of memory 
space. 

F9445 PASCAL Language Package 

The Fairchild F9445 PASCAL package is a high-level 
language suited to the development of microcomputer soft- 
ware because of its strong and logical control structures 
and its versatility in handling data. Fairchild PASCAL is 
designed to solve complex problems using such modern 
language concepts as variable data types, including 
records, sets, scalars, and others. Interface to custom 
F9445 assembly language subroutines is provided. 

PASCAL offers highly structured techniques for organizing 
and coding programs so that they are easily understood 
and modified, which allows cost-effective software 
development. 



To time an instruction, a short loop containing the Instruc- 
tion is executed and its time lapse conripared to a null (no 
Instruction) loop, during the transmission of one character. 
The I/O terminal displays the resulting times. The user 
specifies the Baud rate of the I/O device at program 
execution time in reponse to a program prompt. 

F9445 MICROFORTRAN Language Package 

The Fairchild MICROFORTRAN package is a llgh-level 
language compatible with the F9445 microprocessor based 
family of products, providing a powerful tool for structured 
program development. Subroutines and functions are in- 
dependently compiled, and translated Into relocatable ob- 
ject modules that can be linked in any combination, 
according to commands given at load time. Interface to 
custom F9445 assembly language subroutines is provided. 



F9445 Diagnostics Package 

The basic diagnostic package for the Fairchild F9445 family 
of microprocessor products contains seven programs: a 
memory address test, a memory test, a system exerciser, a 
memory diagostic, and three F9445 instruction set tests. 
These disk-based programs enable the user to identify and 
Isolate faults in the CPU, memory, and certain I/O sub- 
systems of F9445-based systems. Versions of several of the 
tests also test the Fairchild System-! (FS-I). 



F9445 Instruction Timer 

The Fairchild F9445 Instruction Timer (TIMER45) software 
operates in the F9445-based systems, reporting the time 
needed to execute each class of CPU instruction. It uses 
the I/O terminal device as the standard to measure the 
times and report the results. The timer is most useful for 
detecting the execution speeds in mircroseconds for over 
60 representative instructions, to optimize the design of 
F9445-based systems. It also serves as a diagnostic tool in 
detecting clock drift. 



F9445 interactive IVIulti-User Disk Operating 
System (li\^DOS) 

The Fairchild F9445 Interactive Multi-User Disk Operating 
System (IMDOS), customized for high-performance 
microcomputer systems, offers extended file management, 
timesharing, device-independent input/output, system pro- 
cessors such as MACRO assembler and a utility library. 
F944T PASCAL, F9445 BASIC, and MiCRO FORTRAN com- 
pliers, are also fully supported. IMDOS is also the principal 
operating system for the Fairchild System-I (FS-I) 
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A Matrix Printer Controller 
Using The F8 and 
F3870 Circuits 



The multi-chip FS^" microprocessor and single-chip F3870 
MicroMachine^'"2 microcomputer have become popular cir- 
cuits for control applications. Inexpensive and easy to use, 
their instruction sets and architecture combine to give the 
modern system designer NMOS LSI power and flexibility. 

The architecture of the F8 microprocessor is designed to 
implement l/0-intensive applications. The memory address- 
ing registers, the 16-bit program counter, and the data coun- 
ters are located in the Program Storage Unit(PSU). The PSU, 
as well as the other F8-system peripheral circuits, is driven by 
the Central Processing Unit (CPU) with micro-instructions 
communicated over the five control lines (ROMC0-ROMC4) 
and is synchronized by a Write signal. The unusual partition- 
ing of the CPU and PSU chips frees many pins normally 
needed for address bussing for use as I/O lines and provides 
room for a 64-byte scratchpad memory on the CPU chip. No 
matter how much memory is contained in the system, the 
number of I/O lines remains fixed at 16; therefore, the num- 
ber of pins available for useful functions does not diminish as 



memory size increases. 

The F8 microprocessor can address up to 64K bytes of 
program and data storage. Each peripheral controller can 
easily be implernented as a subroutine within the PSU and, 
depending upon the desired configuration, the required PSU 
can be plugged in to provide a modular, flexible system. 

The F3870 MicoMachine2 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. It features 2048 bytes of 
ROM, 64 bytes of scratchpad RAM, a programmable binary 
timer, 32 bits of I/O, and has a single +5 V power supply 
requirement. The F3870 can execute the F8 instruction set 
and can easily be interfaced with any microprocessor system 
through the I/O ports by properly defining command, status, 
and data lines, making it a universal controller. 

MATRIX PRINTER CONTROLLER 

A matrix printer controller can be constructed using either 
the F8 microprocessor (Figure 1 ) or the F3870 microcom- 



3851 1K x8 PSU* 




mother PSUs available are the 3856 (2K x 8 with I/O) and the 3857 (2K x 8 with address bus). 
Fig. 1 Matrix Printer Controller Using the F8 Microprocessor 
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DATA BUS / ^ \ 

(I/O PORT 0) \ I / 



BIT 


COMMAND 


2 


BUSY 


3 


READ STATUS 


4 


LOAD BYTE 


S 


LINE FEED 


6 


PRINT 


7 


CLEAR BUFFER 



Fig. 2 Matrix Printer Controiler Using the F3870 Microcomputer 



puter (Figure 2). In the F3870-based controller, the following 
commands are used to perform the control functions: 



CLEAR BUFFER - stores zeroes In the 40-character print 
buffer contained within the scratchpad RAM. 



PRINT - causes the contents of the print buffer to be 
printed. Error status if the head motion is not correct. 



LINE FEED - advances the paper to the next line. 



LOAD BYTE - takes a byte from the data bus and places It 
next in the print buffer. Error status if the buffer is full. 



READ STATUS - places the status on the data bus and 
clears the status byte. The status is held on the bus until the 
command is taken away, at which time the port is cleared 
for reading again. 

In all command sequences, the F3870 microcomputer pre- 
sents BUSY until the command has been performed or until 
status is stable on the data bus. 

The current requirements of the matrix printer solenoids are 
met by a suitable driver, such as the 9667 Darlington driver 
circuit with seven drivers and built-in back-emf suppression 
diodes. The 9667 interfaces directly with the F8 microproces- 
sor and F3870 microcomputer ports. 

The line-feed drive solenoid is implemented as a pnp power 
transistor (TIP 30), the base drive of which is supplied directly 
from the I/O port. The HOME phototransistor in the matrix 
printer supplies base current to a simple 2N4401 npn transis- 
tor, which saturates, providing the Home signal to the con- 
troller. The forward and reverse triac drives are provided 
across 100 H resistors from +5 V (Figure 3). A TTL gate is 



used to hold the gate current off and provide a low-impe- 
dance path to ground. This provides good noise immunity to 
prevent turn-on of either triac by noise. 

SOFTWARE DESIGN 

The matrix printer controller software can easily fit within a 
3851 PSU with IK x 8 bits of ROM and 16 I/O lines. 

The timing can be done by software loops without using the 
timer. This is the easiest technique, but suffers from the 
drawback that the whole system is tied up during the printing 
of an entire line. A more sophisticated technique, employed 
in many real-time control systems, is to make each timing 
control event a discrete event entered into a table controlled 
by the real-time monitor. 

The software has three entry points: 

The initialization entry point (address H'OOBI'), which fires 
the reverse triac, turns off the paper-feed solenoid, and 
returns the print head to the home position. 

The line-feed entry point (address H'OOCF'), which ener- 
gizes the paper-feed solenoid for 30 ms and then turns off 
the solenoid. 

The print entry point (address H'0065'), which fires the 
forward triac, prints the line of characters, fires the reverse 
triac, and then does a paper feed. 

Access to this software is accomplished by loading the 
registers with the required parameters and executing a "call 
to subroutine immediate" (PI) instruction to the appropriate 
entry point. 

The subroutines to control the matrix printer head motion 
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FWD - 
(FROM CONTROLLER) 



MAC 92-2 \/ 



£ 



T 



MOTOR 
WINDING 



-/Z../TTr^A\ 28 Vac 



Fig. 3 Forward Triac Interface Circuit 



and printing functions are listed in the appendix. These 
would be used alone in a 3851 PSU with other F8 system 
circuits or as part of an F3870 universal controller. The 
control program for the F3870 microcomputer and its sub- 
routines are listed in the appendix. 



FORWARD MOTION CONTROL 

The forward triac is fired by setting bit 1 in output port 5: 



LIS 
OUTS 



All other bits in port 5 should be cleared so that it is not 
necessary to OR bit 1 to the port. The Home signal is con- 
nected to port 5 bit 7 and active High (+5 = Home). This makes 
use of the fact that the F8 system input instructions also set 



the status register. A test for minus then detects when Home 
becomes false: 



INS 
BP 



5 
*-1 



INPUT & SET STATUS 

LOOP UNTIL "HOME" IS FALSE 



However, it must be determined if the forward motion fails for 
some reason. Therefore, the system does not loop indefinit- 
ely but, rather, sets up two counters and waits only 1.5 
second, see program segment A. 



PRINT SOLENOID CONTROL 

Once the Home indications goes false, the system fires the 
print solenoids, waits 650 /uS, turns off the solenoids, and 
waits 700 /xs for each of the five columns forming the charac- 
ter, see program segment B. 



Segment A 



PRDR20 



Segment B 



CLR 

LR 

LR 

INS 

BM 

DS 

BNZ 

DS 

BNZ 

CLR 

OUTS 

LIS 

LR 

BR 



PRDR30 LM 



OUTS 

LI 

INC 

BNZ 

CLR 

OUTS 

LI 

INC 

BNZ 

DS 

BNZ 



0,A 
1.A 
5 
PRDR30 



PRDR20; 
1 
PRDR20 

5 
2 

ERR,A 
EXIT 



4 
186 



4 
180 

•. I 

EOC 
PRDR30 



24 /us X 256 \ 
= 5.9 ms 



1.5 s 



TURN OFF FWD TRIAC 
SET ERROR FLAG 



LOAD FIRING PATTERN 



D 



9 MS X 70 
= 630 ns 



9 MS X 76 
= 684 MS 



645 MS "ON TIME" 



698 MS "OFF TIME" 
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REVERSE MOTION CONTROL 

The forward triac is turned off and a 10-ms delay initiated to 
allow sufficient time for the triac to stop conduction (one-half 
cycle is 8.3 ms). The reverse triac is then fired and the 
progrann loops until Home becomes true. Again, there is 
some error control in the event that something prevents the 
print head from returning to the home position, see program 
segment C. 

LINE FEED CONTROL 

The line-feed solenoid can be turned on for only 30 ms; 
beyond that time, damage may be done to it. Setting bit 7 
turns on the solenoid: 



is loaded from the table, the address is incremented by one, 
pointing to the next value in the table. 

The table is organized so that the first bit pattern is addressed 
by pointing to the beginning of the table and adding the 
ASCII character to the data counter five times: 



DCI 


BIT PAT 


TABLE ADDRESS 


ADC 


\ 


POINTS TO 


ADC 




THE Nth 


ADC 


> 


ENTRY IN A 


ADC 




FIVE-BYTE- 


ADC 


J 


WIDE TABLE 



LI 



H'80' 



TURN ON SOLENOID 



30 ms DELAY 



TURN OFF SOLENOID 

CHARACTER SET TABLE 

Accessing tables of data with the F8 microprocessor and 
F3870 MicroMachine 2 microcomputer is easy and efficient. 
The data counter is loaded using the "load dc immediate" 
(DCI) instruction. The "add accumulator to data counter" 
(ADC) instruction allows a signed 8-bit value contained inthe 
accumulator to be added to the data counter. When the data 



OUTS 


4 


LIS 


10 


LR 


1.A 


DS 





BNZ 


*-1 


DS 


1 


BNZ 


*-4 


CLR 




OUTS 


4 



Since the first 32 ASCII characters are not used in this matrix 
printer, the actual program subtracts 32 from the ASCII 
character before adding it to the data counter five times. 

CONCLUSION 

The F8 instruction set has been shown to be ideal for control 
applications, such as the matrix printer controller described. 
Of particular note are the input/output instructions that set 
status, and the table look-up instructions that allow fast 
access to tables of any length and do not place any con- 
straints on the location of tables in memory. 

The F3870 microcomputer has been shown to be ideal for use 
with any microprocessor system as a universal peripheral 
controller. This is accomplished by interfacing through the 
input/output ports, which gives the system designer great 
flexibility in his system configuration. 



Segment C 



PRHO10 



PRHO20 




TURN OFF FWD TRIAC 



10 ms DELAY 



TURN ON REVERSE TRIAC 

CLEAR COUNTERS FOR TIMEOUT DELAY 



1.5 s TIMEOUT 

SET ERROR STATUS 

10 ms DELAY 

TURN OFF REVERSE TRIAC 



OUTS 
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APPENDIX 



FDRMULRTDR FDDS 



SEMELER (REV 



RS LDC DEJECT RUnR LINE 




1 J 1 
OQOc 
03 
00 06 
07 



03 
09 
OOOE 
D 
OOOE 
1 
0011 
1 3 
1 4 



0*5 
04 
I J 3 

1 3 
04 
OOf^E 

7 
EO 
El 
33 0E1 OOEl 



Rl 

34FE 

913C 

13 

91411 

13 

9113 

13 

91 IE 



03 
043 



0016 


45 


0017 


EO 


0013 


Rl 


0019 


33 04 


00 IE 


El 


00 IC 


Rl 


ooin 


3103 


OOIF 


94FC 


031 


7 


0032 


EO 


0033 


55 



1 c 



0034 Rl 

0035 31FE 

0037 El 

0038 9 0riF 



003R Rl 
02E 2304 



01 
03 
03 
04 
05 
06 
ij 7 
03 

09 

1 
1 1 
1 3 
1 3 

014 

1 5 

1 6 
017 
013 
1 9 
03 
031 
033 
03 3 
034 
035 
036 
037 
033 
039 
03 
031 
033 
03 3 
34 
035 
036 
37 



SOURCE STRTEMENT 

► MRTRIX PRINTER CDNTRDLLER 
♦ 

♦ n. R. HDLLINEECK 

♦ FRIRCHILD MDS MICRaCDNPUTER 
♦ 

♦ THE UMIVERS.RL CDNTRDLLER CDNTRDL 

♦ PRDi5RRM IS GIVEN FIRST WITH THE 

♦ SUERDUTINES RND EIT PRTTERN TRELES 

♦ FOLLDIOING 



STRTUS 

EVTES 

EDC 

SUFFER 

EUSV 

NEUSY 



EQU 
EQU 
EQU 



STRTUS EYTE 

NUNEER DF EYTES TD PRINT 

COUNTER FOR END-OF-CHRRRCTE 



N 



CLR 

OUTS 

OUTS 

PI 

LR 

LR 



D-100--40 STRRT DF EUFFER 
E- 00 000100- ■ EUSY ■ EIT 
E-11111011 NOT -EUSY- EIT 




1 

PRHDME 
STRTUS- R 
EYTES -R 



CLERR RCCUNULRTDR 
RLLOW RERDINS DF PORTS 
RND 1. 

INSURE HERD IS HONE 
CLERR STRTUS 

RND EYTE COUNTER 



RERD COMNRND STRDEES 



RDCMD 



INS 

EZ 

EN 

SL 

EM 


1 

RDCMD 

CLREUF 

1 

PRINT 

1 

LINEFD 

1 

LDEYTE 


URIT FDR COMMRND 
TEST EIT 7 

TEST EIT 6 


EM 
SL 
EM 


TEST EIT 5 
TEST EIT 4 



RERD STRTUS COMMRND 



039 






LR 


R- STRTUS b 


04 






OUTS 





041 






INS 


1 S 


043 






01 


EUSY 


04 3 






DUTS 


1 


044 






INS 


1 


045 






NI 


E-' 00001 000- 


046 






ENZ 


♦~3 


047 






CLR 


C 


043 






DUTS 





049 






LR 


STRTUS^ R 


05 


♦ 








051 


♦ 


CLERR 


EUSY 


STRTUS 


053 


♦ 








053 


CLRESY 


INS 


1 


054 






NI 


NEUSY R 


055 






DUTS 


1 


056 






ER 


RDCMD 1. 


057 


♦ 








058 


♦ 


LINE 


FEED 


SDMMRND 


059 


♦ 








06 


LINEFD 


INS 


1 


061 






01 


EUSY 



GET STRTUS FROM SCRRTCHPRD 
ET -EUSY-- 



JRIT FDR CDMNRND 
TD GO RMRY 
CLERR STRTUS RND PORT 




RESET '^EUSY-^ 

..IRIT FDR RNDTHER CDMMRND 

SET -EUSY- 



10-9 



APiPENDIX 



FDRMULfiTDR FDDS RSSENBLER '-REV 5. 0> 



RS LDC OBJECT RDDR LINE 



SDURCE STRTENENT 



OOE'D El 
002E c'300CF 
0031 90FE" 



00 33 £013 

0035 C4 

36 £54 

00 33 94 07 



OOC 
034 



003R 


45 


003B 


3233 


00311 


55 


00 3E 


90E5 


004 


OB 


0041 


RO 


0043 


5C 


0043 


44 


0044 


IF 


0045 


54 


0046 


90Iiri 



0043 
0049 
004B 
004C 
004E 
004F 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0053 
005R 



Rl 

22 04 

Bl 

2 023 

54 

2013 

OB 

70 

5C 

OR 

IF 

OB 

34 

94F9 

90C9 



0050 Rl 

00511 2204 

005F Bl 

0060 230065 

0063 90C0 



UUbd 
F 063 
064 
065 
066 
067 
063 
069 
07 

04 071 
072 
073 
074 
075 
076 
077 
073 

024 079 
O'c! 
031 
032 
033 
034 
035 
036 

024 037 
033 
039 
09 
091 
092 
093 
0094 
095 
096 
097 
093 

099 

1 
0101 
0102 
0103 
0104 
0105 
1 06 
0107 
0103 
01 09 
0110 
0111 
0112 
0113 



0052 
0024 



nuTs 


1 


PI 


LFOO 


BR 


CLRBS'- 



'5a na line feed 

CLERR •BUSY- RND I..IRIT 



♦ TRRNSFER BYTE INTO PRINT BUFFER 



LDBYTE LI 

CI 
BNZ 



BUFFER 
BYTES 

n •■■ 1 ••■ 

LDBYIO 



POINT TO NEXT EMPTY 

BYTE IN BUFFER 
CHECK IF BUFFER FULL 



♦ ERROR - SET BUFFER FULL STRTUS '::BIT 3) 

♦ RND ERROR FLRG ':;BIT 7::'. 



_DBY10 



LR 


R;. STRTUS 


GET STRTUS BYTE 


01 


E-IOOOIOOO- SET ERROR FLRGS 


LR 


STRTUS J R 




BR 


CLRBS Y 




LR 


IS^R 


LORD ISRR 


INS 





GET IiRTR 


LR 


Sj r 


STORE INTO SCRRTCHPRD 


LP 


R, BYTES 


INCREMENT COUNTER 


INC 






LR 


BYTES iR 




BR 


CLRBSY 





CLERR PRINT BUFFER COMNRND 



::LRBUF 



CLRBIO 



INS 


1 


01 


BUSY 


OUTS 


1 


LI 


4 


LR 


BYTES, R 


LI 


BUFFER 


LR 


I S? R 


CLR 




LR 


S.^fi 


LR 


R, IS 


INC 




LR 


IS^R 


DS 


BYTES 


BNZ 


CLRBIO 


BR 


CLRBSY 



SET ■BUSY- 

4 BYTES TO CLERR 

GET STRRTING RDDRESS 

RND PUT INTO ISRR 
CLERR RCCUMULRTOR 
STORE VIR ISRR 
INCREMENT ISRR 



0065 
0024 



♦ PRINT BUFFER COMMRND 

♦ 

PRINT INS 1 

01 BUSY 

OUTS 1 

PI PRDROO 

BR CLRBSY 
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FDRMULRTDR FDQS RSSEMBLER '::REV 
RS LDC OBJECT RDDR LINE 



SnURCE STRTEMENT 









III J 


4 






EJECT 










01 


15 


♦ 














0] 


16 


♦ 














OJ 


117 


♦ 


MRTRI 


X PRINTER DRIVER 








OJ 


L13 


♦ 


D. R. 


HDLLINBECK 








01 


L19 


♦ 


FRIRCHILD 


•IDS MICRDCDM 








3 


13 


♦ 














OJ 


L31 


♦ 














01 


L33 


♦ 


MR IN 


PRINT 


ENTRY POINT 








01 


L33 


♦ 








0065 


03 




01 


34 


PRDROO 


LR 


K.P 


066 


11 




01 


135 






UR 


H.DC 


067 


72 




01 


L36 






LIS 


3 


0063 


B5 




01 


37 






DUTS 


'5 


069 


10 




01 


133 


PRDRIO 


LR 


DC-H 


06R 


16 




01 


L39 






LM 




06B 


34E0 




01 


L30 






RI 


-33 


0611 


11 




01 


L31 






LR 


H^DC 


06E 


3R0 0E0 


OOEO 





L33 






DC I 


EITPRT 


071 


3E 




OJ 


133 






RDC 




07£ 


3E 




01 


[34 






RDC 




07 3 


3E 







I 35 






RDC 




0074 


3E 




01 


136 






RDC 




075 


3E 




01 


L57 






RDC 




0076 


7 




01 


133 






CLR 




0077 


5 







[ 39 






L.R 


OjR 


07i3 


51 







140 






LR 


liR 


079 


75 






L41 






Lli: 


5 


07R 


53 







143 






LR 


EDC^R 


07B 


R5 







L43 


PRriR3 


IHC 


5 


07C 


91 OF 


03C 





L44 






EM 


PRDR30 


07E 


30 







L45 






DC 





07F 


94FB 


07B 





L46 






BUZ 


PRDR3 


031 


31 







L47 






D.-: 


1 


003a 


94F3 


on7B 





143 






BNZ 


PRDR3 


034 


7 







L49 






CLR 




0035 


B5 







L50 






nuTS 


5 


0036 


45 







L51 






i_R 


R^ STRTUi 


037 


3333 







L53 






ni 


B- 10000010 


039 


55 







L53 






LR 


STRTUC^R 


03R 


9 037 


0UB3 





L54 






BR 


PRHa05 


030 


16 







L55 


PRriR3 


LM 




0311 


B4 







L56 






aUTC 


4 


03E 


3 0BR 







[57 






LI 


136 


090 


IF 




01 


[53 






INC 




0091 


94FE 


090 





[59 






BNZ 


♦ -1 


093 


7 




01 


[60 






CLR 




094 


B4 







[61 






nuTc 


4 


0?5 


3 0B4 







[63 






LI 


130 


097 


IF 




01 


[63 






INC 




093 


94FE 


097 


01 


[64 






BNZ 


♦ -1 


09R 


33 







[65 






DC 


EOC 


009B 


94F0 


03C 


01 


[66 






BNZ 


PRDR3 


00911 


3 074 




01 


[67 






Ll 


116 


09F 


IF 




01 


[63 






INC 




OORO 


94FE 


09F 


01 


[69 






BNZ 


♦ -1 


00R3 


34 




01 


[70 






DC 


BYTES 


0R3 


94C5 


069 


01 


71 






BNZ 


PRDRIO 


0R5 


7 




0] 


73 






CLR 




0R6 


B5 




0] 


73 






aUTS 


5 


0R7 


73 




01 


74 






LIS 


3 



SRVE RETURN RDDRESS 

SR'/E DCO 

FIRE FDRWRRD TRIRC 

RESTORE LIST POINTER 

i5ET NEXT CKRRRCTER TO PRINT 

SRVE DCO 

POINTER TO PRINT TRBLE 

DCO = DCO + 5 ♦ ':;RCC> 

THIS bETS THE PROPER ENTRY 
IN R FIVE BYTE i.-JIDE TRBLE. 



INITIRLIZE DELRY COUNTER 
INITIRLIZE ERROR CODE 
LORD NEEDLE FIRING COUNTER 

LOOK RT -HOME- LED INDICRTD 



TURNOFF TRIRC-.S RND EXIT 
6ET NEEDLE DRIVER BITS 
FIRE DRIVERS 
UIRIT 65 MICROSECONDS 



RESET NEEDLE DRIVERS 
DELRY 70 MICRDSECS 



TESr END-OF-CHRRRCTER 
bET NEXT BIT PRTTERN 
DELRY 1350 MICROSECS 



TEST FOR END-OF-LINE 
6ET NEXT BYTE TO PRINT 
TURN OFF FORI...IRRD TRIRC 

DELRY 10 MILLISECS 
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FDRMULRTDR FBOS RSSEMELER '::REV £. 0> 



RS LDC OBJECT RDDR LINE 



SaURCE STRTEMENT 



OORc 


51 




III 75 






LR 


l.R 




OOR? 


30 




0176 






DS 







OORR 


94FE 


00R9 


0177 






ENZ 


♦ -1 




OORC 


•31 




0178 






DS 


1 




OORD 


94FE 


0R9 


0179 






ENZ 


♦-4 




OORF 


90 0£ 


0E3 


0180 
0181 


♦ 




BR 


PRHa05 










0183 


♦ 


INITIRLIZRTIDN ENTRY 


POINT. 








0183 


♦ 


ENTER HERE RT THE S 


TRRT OF THE NRIN PRObRRM 








0134 


♦ 


JU. 


^T TD 


ENSURE THRT 


THE PRINT HERD IS HOME. 








0185 


♦ 










OOBl 


08 




0186 


PRHDME 


LR 


K !• P 


S:RVE RETURN RDDRESS 








0187 


♦ 
















0138 


-# 


ENTER HERE 


TD RETURN 


PRINT HERD HONE 








0139 


♦ 










i:iOB2 


71 




0190 


PF 


Ha05 


LIS 


1 


FIRE REVERSE TRIRC 


0OB3 


B5 




0191 






auTS 


5 




00B4 


7 




0193 






CLR 






OOE'5 


5 




0193 






lR 


OiR 




0B6 


51 




0194 






LR 


1?R 




OOB? 


R5 




0195 


PRHDIO 


INS: 


J 


'■..IRIT FOR ■HOME- 


ODE 3 


81 OE 


OOC 4 


0196 






EP 


PRHa3 




OOER 


30 




0197 






D3 







OOEE 


94FB 


00B7 


0193 






ENZ 


PRHDIO 




OOBIi 


31 




0199 






DS: 


1 




OOEE 


94F8 


0B7 


03 






ENZ 


PRHDIO 




OOCO 


45 




03 01 






LR 


R5 S:TRTUS. 




OOCl 


^^'3l 




03 03 






ai 


E- 1 0000001 •• HERD DID NDT RETURN HOME 


OOC 


3 


55 




03 5 






LR 


S;TRTUS:jR 




OOC 


4 


?.3 




03 04 


PR HO 3 


LIS; 


3 


DELRY 10 M ILL I SECS 


OOC 


5 


51 




03 05 






lR 


l.R 




OOC 


6 


3 




0306 






DS: 







OOC 


? 


94FE 


00C6 


0307 






ENZ 


♦-1 




OOC 


9 


31 




0308 






DS 


1 




OOC 


R 


94FB 


OOC 6 


0309 






ENZ 


♦ -4 




OOC 


C 


7 




0310 






CLR 




TURN OFF 


OOC 


D 


E5 




0311 






auTS 


5 


REV TRIRC 


OOC 


E 


OC 




0313 






PK 




RETURN 








0313 


♦ 
















0314 


♦ 


LINE 


FEED 


ENTRY POINT 










0315 


♦ 










OOCF 


03 




0316 


LFOO 


LR 


K^P 




DO 


70 




0317 






CLR 




TURN OFF TRIRC^S: 


oorn 


E5 




0313 






nuTS 


D 




OODc' 


3 08 




0319 






LI 


H--80- 


FIRE LINE FEED 


oori4 


E4 




033 






a UTS 


4 




0115 


7R 




0331 






Lis 


10 


DELRY 3 ri III I SECS 


oorit. 


51 




0333 






LR 


1»R 




oon? 


30 




0333 






DS 







oori3 


94FE 


0D7 


0334 






ENZ 


♦-1 




ooriR 


31 




0335 






DS 


1 




OODE 


94FE 


0D7 


0336 






ENZ 


♦-4 




OODD 


7 




0337 






CLR 




TURN OFF LINE FEED 


OODE 


E4 




0338 






OUTS 


4 




oor 


F 


OC 




0339 






PK 




RETURN FROM SUBROUTINE 



10-12 



APPENDIX 



FDRMULflTDR FDDS RSSEMELER ^REV R, 0> 
RS LDC OBJECT RDDR LINE 



SDURCE STRTEMENT 



OOEO 


00 


OOEl 


00 


iJi:iE2 


00 


00E3 


00 


00E4 





00E5 


00 


Oi:iE6 





OOE? 


711 


DOES 





i:iOE9 


00 


OOER 





OOEB 


6 


00 EC 





OOED 


6 


OOEE 





OOEF 


14 


OOFO 


7F 


OOFl 


14 


00F2 


7F 


OOFS 


14 


00F4 


IS 


00F5 


£R 


00F6 


7F 


OOF? 


SR 


OOFS 


£4 


00F9 


62 


OOFR 


64 


OOFB 


08 


OOFC 


13 


OOFIi 


23 


OOFE 


36 


OOFF 


49 


0100 


35 


0101 


02 


0102 


05 


0103 





0104 


6S 


0105 


7 


0106 


00 


0107 





0103 


00 


0109 


IC 


01 OR 


24 


01 OB 


42 


01 OC 


00 


01 on 





01 OE 


42 


01 OF 


24 



023 




EJEC 


T 


0231 


♦ 






0232 


♦ TRBLE 


OF 


BIT PRT- 


0233 


♦ 






0234 


BITPRT 


DC 


H-0 


0235 




DC 


H-00 


0236 




DC 


H-OO 


0237 




DC 


H-0 


0238 




DC 


H-0 


0239 


♦ 






024 




DC 


H-0 


0241 




DC 


H-0 


0242 




DC 


H--7D 


0243 




DC 


H-0 


0244 




DC 


H-0 


0245 


♦ 






0246 




DC 


H-0 


0247 




DC 


H--60 


0248 




DC 


H-0 


0249 




DC 


H--60 


025 




DC 


H - 


0251 


•*■ 






0252 




DC 


H -" 1 4 


0253 




DC 


H--7F 


0254 




DC 


H-14 


0255 




DC 


H--7F 


0256 




DC 


H-14 


0257 


♦ 






0258 




DC 


H-12 


0259 




DC 


H-2R 


026 




DC 


H-'7F 


0261 




DC 


H-2R 


0262 




DC 


H-24 


0263 


♦ 






0264 




DC 


H--62 


0265 




DC 


H--64 


0266 




DC 


H-08 


0267 




DC 


H-13 


0268 




DC 


H--23 


0269 


♦ 






027 




DC 


H-36 


0271 




DC 


H-'49 


0272 




DC 


H--35 


0273 




DC 


H-02 


0274 




DC 


H-05 


0275 


♦ 






0276 




DC 


H-0 


0277 




DC 


H--63 


0278 




DC 


H-70 


0279 




DC 


H-00 


028 




DC 


H-0 


0291 


♦ 






0282 




DC 


H-00 


0233 




DC 


H -■ 1 C 


0234 




DC 


H--24 


0285 




DC 


H--42 


0286 




DC 


H-0 


0287 


♦ 






0288 




DC 


H-0 


0289 




DC 


H--42 


029 




DC 


H-24 



♦♦♦♦♦ ♦ 



♦♦♦♦♦♦♦ 
♦♦♦♦♦♦♦ 

♦ ♦ ♦ 

♦ ♦♦♦♦♦♦ Ct.) 

♦ ♦ ♦ 

♦ ♦ 

♦♦ ♦ 

♦ ♦♦ 

♦ ♦♦ 

♦ ♦ ♦ 






♦ ♦ < o 
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APPENDIX 



FDRMULRTDR FDDS fiSSEMBLER -CREV £. 0;- 



RS LDC DBJECT fiDDR LIME 



SDURCE STRTEMENT 



110 IC 


0391 


0111 


00 


0393 
0393 


01 Ic- 


08 


0394 


ons 


3R 


0395 


0114 


IC 


0396 


0115 


£R 


0397 


0116 


08 


0398 
0399 


0117 


03 


0300 


0113 


08 


0301 


0119 


7F 


303 


OUR 


08 


03 03 


01 IE 


08 


0304 
03 05 


one 


00 


03 06 


OllD 


on 


03 07 


01 IE 


OE 


03 03 


OllF 


00 


03 09 


0120 


00 


0310 
0311 


01£1 


08 


0313 


01££ 


08 


0313 


01 £3 


08 


0314 


01 £4 


08 


0315 


0125 


08 


0316 
031 P 


01 £'6 


00 


0318 


0127 


03 


0319 


0133 


03 


33 


0139 


00 


0331 


013R 


00 


333 
0333 


013B 


03 


0334 


01 30 


04 


0335 


01311 


08 


336 


013E 


10 


0337 


013F 


30 


0338 
0339 


0130 


3E 


033 


0131 


45 


0331 


0133 


49 


0333 


0133 


51 


0333 


0134 


3E 


0334 
03 35 


0135 


00 


0336 


0136 


31 


0337 


0137 


7F 


0333 


0133 


01 


0339 


0139 


00 


034 
0341 


013R 


33 


0343 


013B 


45 


0343 


013C 


49 


0344 


01311 


49 


0345 


013E 


31 


0346 
0347 


013F 


33 


0348 


0140 


41 


0349 


0141 


49 


035 


0143 


49 


0351 



DC 


H-IC- 


DC 


H-0 


DC 


H-08 


DC 


H-3R 


DC 


H-lC 


DC 


H-3R 


DC 


H-08 


DC 


H-03 


DC 


H-03 


DC 


H-'7F 


DC 


H-08 


DC 


H-03 


DC 


H-0 


DC 


H-OD 


DC 


H-OE 


DC 


H-0 


PC 


H-OO 


DC 


H -• 0;3 


DC 


H-08 


DC 


H-03 


DC 


H-08 


DC 


H-08 


DC 


H •■ 


DC 


H-03 


DC 


H-03 


DC 


H -■ 


DC 


H-0 


DC 


H-U3 


DC 


H-04 


DC 


H-03 


DC 


H-10 


DC 


H--30 


DC 


H-3E 


DC 


H--45 


DC 


H-49 


DC 


H--51 


DC 


H--3E 


DC 


H-0 


DC 


H--31 


DC 


H--7F 


DC 


H-01 


DC 


H-0 


DC 


H--33 


DC 


H--45 


DC 


H-49 


DC 


H-49 


DC 


H-31 


DC 


H-33 


DC 


H-41 


DC 


H-49 


DC 


H-49 



♦♦♦ 



♦♦♦♦♦♦♦ 









♦♦♦♦♦ 

♦ ♦ ♦ 

-^ ^ ^ i:;i3;i 

♦ ♦ ♦ 
♦♦♦♦♦ 



♦♦♦♦♦-♦♦ 



a> 
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APPENDIX 



FDRMULRTDR FDDS RSSEMBLER -iiREV 
RS LDC DEJECT RDUR LINE 



0143 36 



0144 


OC 


0145 


14 


0146 


24 


0147 


7F 


0148 


04 


0149 


72 


014H 


51 


014B 


51 


014C 


51 


01 411 


4£ 


014E 


IE 


014F 


29 


015 


49 


0151 


49 


015£ 


46 


0153 


4 


0154 


47 


0155 


43 


0156 


5 


0157 


6 


0153 


36 


0159 


49 


015R 


49 


015B 


49 


015C 


36 


015D 


3 


015E 


49 


015F 


49 


1 6 


4R 


0161 


3C 


0163 





0163 


36 


0164 


36 


0165 





0166 





0167 





0163 


611 


0169 


6E 


016H 





016E 





016C 


03 


01611 


14 


016E 


22 


016F 


41 


0170 





0171 


14 


0172 


14 


0173 


14 


0174 


14 


0175 


14 



IJi!5l:: 

035 3 
0354 
355 



SDURCE STRTEMENT 



DC H-36- 






36 








36 


1 





3€ 


2 





3€ 


3 





36 


4 





3t 


5 





36 


6 





3-= 


7 





3€ 


P, 





3€ 


9 


Ij 


37 


Ij 





3 (' 


1 



374 



Uo3d 

334 
335 
3 36 



3 34 



1.139:3 
399 
04 
04 01 
04 02 
04 03 
04 04 
04 05 
04 06 
04 07 
04 03 
0409 
041 
0411 
0412 



DC 


H- 


OC 


DC 


H- 


14 


DC 


H- 


24 


DC 


H' 


7F 


DC 


H- 


04 


DC 


H- 


72 


DC 


H- 


51 


DC 


H- 


51 


DC 


H- 


51 


DC 


H- 


4E 


DC 


H- 


IE 


DC 


H- 


29 


DC 


H- 


49 


DC 


H 


49 


DC 


H- 


46 


DC 


H- 


4 


DC 


H 


47 


DC 


H- 


43 


DC 


H- 


5 


DC 


H- 


6 


DC 


H- 


36 


DC 


H- 


49 


DC 


H 


49 


DC 


H- 


4.^ 


DC 


H- 


36 


DC 


H- 


3 


DC 


H 


43 


d: 


H 


49 


DC 


H- 


4R 


DC 


H- 


3 C 


DC 


H- 





DC 


H- 


36 


DC 


H- 


~;~, 


DC 


H- 


on 


DC 


H- 


on 


DC 


H- 





DC 


H- 


6D 


DC 


H- 


6E 


DC 


H- 





DC 


H- 


00 


DC 


H- 


" 03 


DC 


H- 


14 


DC 


H- 


22 


DC 


H 


■41 


DC 


H- 


00 


DC 


H- 


14 


DC 


H 


14 


DC 


H 


14 


DC 


H- 


14 


DC 


H 


14 



♦ ♦ '::4.;' 
♦♦♦♦♦♦♦ 



♦ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦♦♦ 

♦♦♦♦ 
♦ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 



♦ ♦ ♦ 

♦ ^ ♦ 

♦ ♦ # 

♦ ♦ ♦♦ 












♦ ♦ 
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APPENDIX 



FDRMLILRTDR FDDS RSSEMBLER ^REV 
RS LDC DBJECT fiDDR LINE 



SOURCE STRTEMENT 







0413 


0176 


00 


0414 


0177 


41 


0415 


0173 


^^ 


0416 


0179 


14 


0417 


017R 


03 


0413 
0419 


017B 


30 


04£0 


017C 


40 


04£1 


017D 


45 


04££ 


017E 


43 


0455 


017F 


30 


04c'4 
04£5 


0130 


3E 


0426 


0131 


41 


04£7 


013£ 


511 


0433 


0133 


55 


0439 


0134 


3C: 


043 
0431 


0135 


3F 


0433 


0136 


43 


0433 


0137 


43 


0434 


0133 


43 


0435 


0139 


3F 


0436 
0437 


013R 


7F 


0433 


013B 


49 


0439 


OISC 


49 


044 


01311 


49 


0441 


013E 


36 


0443 
0443 


013F 


3E 


0444 


0190 


41 


0445 


0191 


41 


0446 


019£ 


41 


0447 


0193 


2£ 


0443 
0449 


0194 


41 


045 


0195 


7F 


0451 


0196 


41 


0453 


0197 


41 


0453 


0193 


3E 


0454 
0455 


0199 


7F 


0456 


019R 


49 


0457 


019B 


49 


0453 


019C 


49 


0459 


01911 


41 


046 
0461 


019E 


7F 


0463 


019F 


43 


0463 


OIRO 


43 


0464 


OlRl 


43 


0465 


01R£ 


40 


0466 
0467 


01R3 


3E 


0463 


01R4 


41 


0469 


01R5 


41 


047 


01R6 


45 


0471 


01R7 


47 


0473 
0473 



DC 


H-00 


DC 


H-41 


DC 


H-23 


DC 


H •■ 1 4 


DC 


H-03 


DC 


H-30 


DC 


H-40 


DC 


H-45 


DC 


H-43 


DC 


H-30 


DC 


H--3E 


DC 


H-41 


DC 


H-5D 


DC 


H-55 


DC 


H-3C 


DC 


H-3F 


DC 


H-43 


DC 


H-43 


DC 


H-43 


DC 


H-3F 


DC 


H-7F 


DC 


H-49 


DC 


H-49 


DC 


H-49 


DC 


H-36 


DC 


H-3E 


DC 


H-41 


DC 


H-41 


DC 


H-41 


DC 


H-33 


DC 


H-41 


DC 


H-7F 


DC 


H-41 


DC 


H 41 


DC 


H-3E 


DC 


H-7F 


DC 


H-49 


DC 


H--49 


DC 


H-49 


DC 


H-41 


DC 


H-7F 


DC 


H-43 


DC 


H-43 


DC 


H-43 


DC 


H-40 


DC 


H-3E 


DC 


H-41 


DC 


H-41 


DC 


H-45 


DC 


H-47 



♦ ♦ 



♦♦♦♦♦ 

♦ ♦ 

♦ ♦ ♦ ♦ 
♦♦♦♦ 

♦♦♦♦♦♦ 

♦ ♦ 
♦♦♦♦♦♦ 

♦♦♦♦♦♦♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 



•::?::• 



'::e::' 



♦♦♦♦♦♦♦ 



♦♦♦♦♦♦♦ 
♦■ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 

♦♦♦♦♦♦♦ 



'::d::' 



•::e> 



♦ ♦ 03> 
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APPENDIX 



FDRMULRTDR FDDS RSSEMBLER <REV £'. O.:* 



RS LDC OBJECT RniiR LINE 



SOURCE STRTEMENT 



01R8 7F 


0474 


01R9 


03 


0475 


OIRR 


03 


0476 


OIRB 


03 


0477 


OIRC 


7F 


0473 
0479 


OIRD 


00 


0430 


OIRE 


41 


0431 


CHRP 


7F 


0433 


OIBO 


41 


0433 


OlBl 





0434 
0435 


01 B£ 


03 


0436 


01 B3 


01 


0437 


01B4 


01 


0433 


01B5 


01 


0439 


01B6 


7E 


0490 
0491 


01B7 


7F 


0493 


01E3 


03 


0493 


01B9 


14 


0494 


01 BR 


£2 


0495 


OIBB 


41 


0496 
0497 


OIBC 


7F 


0493 


OIBD 


01 


0499 


01 BE 


01 


050 


OIBF 


01 


0501 


01 CO 


01 


0503 
0503 


OlCl 


7F 


0504 


OlCc' 


30 


0505 


01 C3 


13 


05 06 


01C4 


3 


0507 


01C5 


7F 


05 03 
0509 


01C6 


7F 


0510 


01C7 


10 


0511 


01C8 


03 


0513 


01C9 


04 


0513 


OICR 


7F 


0514 
0515 


OICB 


3E 


0516 


OICC 


41 


0517 


01 CD 


41 


0513 


OICE 


41 


0519 


OICF 


3E 


053 
0531 


OlDO 


7F 


0533 


oini 


43 


0533 


OlDc: 


43 


0534 


01113 


43 


0535 


01D4 


3 


0536 
0537 


01D5 


3E 


0533 


01D6 


41 


0539 


oin? 


45 


0530 


oiri8 


43 


0531 


01D9 


311 


0533 
0533 


oiriR 


7F 


0534 



rrc 


H-7F-- 


DC 


H-03- 


DC 


H-03- 


DC 


H-03- 


DC 


H-7F- 


DC 


H-00'- 


DC 


H--41- 


DC 


H-7F- 


DC 


H-41- 


BC 


H-0 0- 


DC 


H-03- 


DC 


H-Ol- 


DC 


H-Ol - 


DC 


H-Ol - 


DC 


H-7E- 


DC 


H-7F- 


DC 


H-03- 


DC 


H-14- 


DC 


H-aa- 


DC 


H-41 - 


DC 


H-7F- 


DC 


H-01 - 


DC 


H-Ol - 


DC 


H - 1 - 


DC 


H-Ol - 


DC 


H-7F- 


DC 


H-3 0- 


DC 


H-13- 


DC 


H-3 0- 


DC 


H-7F- 


DC 


H-7F- 


DC 


H-IO- 


DC 


H-03- 


DC 


H-04- 


DC 


H-7F- 


DC 


H-5E- 


DC 


H-41 - 


DC 


H-41 - 


DC 


H-41 - 


DC 


H--3E-- 


DC 


H-7F- 


DC 


H-43- 


DC 


H-43- 


DC 


H-43- 


DC 


H-30- 


DC 


H-3E- 


DC 


H-41 - 


DC 


H-45- 


DC 


H-43- 


DC 


H-3D- 



♦♦♦♦♦♦♦ 



♦ 
♦ ♦ 

♦♦♦♦♦♦♦ 



♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦ 
♦♦♦♦♦♦♦ 

♦♦♦♦♦♦♦ 
♦♦♦♦♦ 



♦♦♦♦♦♦♦ 



♦♦♦♦♦ 



<H> 



a> 



CJ.:* 



<K> 



<L> 



•::M.:« 



<N> 



(D) 



'::P> 



<Q) 




DC 



H-7F- 
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APPENDIX 



FDRMULRTDR FDOS RSSEMBLER '::REV 
RS LQC OBJECT RDDR LINE 



:i535 
0536 
0537 
0533 
05 39 

054 
0541 
0542 
0543 
0544 
0545 
0546 
0547 
0543 
0549 

055 
0551 
055c: 
055 3 
0554 



i..id:<7 
0553 
0559 
056 
0561 
056c: 
056 3 
0564 
0565 



0563 
0569 
057 
0571 
0573 
0573 
0574 
0575 
0576 
0577 
0573 
0579 
053 
0531 
0533 
0533 
0534 
0535 
0536 
0537 
0533 



OlDB 48 


oinc 


4C 


OIDD 


4R 


OlDE 


31 


OlDF 


3R 


OlEO 


49 


OlEl 


49 


01E3 


49 


01E3 


36 


01E4 


4 


01E5 


4 


01E6 


7F 


01E7 


4 


01E3 


4 


01E9 


7E 


OlER 


01 


OlEB 


01 


01 EC 


01 


01 ED 


7E 


OlEE 


7 


OlEF 


OC 


OiFO 


03 


OlFl 


OC 


01F3 


7 


01F3 


7F 


01F4 


03 


01F5 


OC 


01F6 


03 


01F7 


7F 


01F3 


63 


01F9 


14 


OlFR 


03 


OlFB 


14 


OlFC 


63 


OlFD 


6 


OlFE 


10 


OlFF 


OF 


03 00 


10 


03 01 


6 


0303 


43 


0303 


45 


0304 


49 


03*05 


51 


0306 


61 



SOURCE 3TRTEMENT 



B€ 


H-43- 


DC 


H-4C 


DC 


H-4R 


DC 


H-31 


DC 


H-3a 


DC 


H-49 


DC 


H-49 


DC 


H-'49 


DC 


H-36 


DC 


H-40 


DC 


H ■ 4 


DC 


H-7F 


DC 


H • 4 


DC 


H-40 


DC 


H-7E 


DC 


H-01 


DC 


H-01 


DC 


H-01 


DC 


H-7E 


DC 


H-70 


DC 


H ■■ OC 


DC 


H-0 3 


DC 


H'OC 


DC 


H-70 


DC 


H-7F 


DC 


H-03 


BC 


H- OC 


DC 


H-03 


DC 


H-7F 


DC 


H-63 


DC 


H-14 


DC 


H-03 


DC 


H- 14 


DC 


H-63 


DC 


H-60 


DC 


H-10 


BC 


H-OF 


DC 


H-10 


DC 


H - 6 


DC 


H-43 


DC 


H-45 


DC 


H-49 


DC 


H-51 


DC 


H-61 



♦♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 

♦ ♦ ♦ 

♦ 
♦♦♦♦♦♦ 

♦ 
♦♦♦♦♦♦ 



♦♦♦♦♦♦♦ 
♦♦♦♦♦♦♦ 

■ ♦ 
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Microprocessor-Controlled 
Phase-Locked Loop 
Tuning System 



The TV channel changer, the volume control adjustment and 
other controls with knob and dial-type readouts are taken for 
granted today, and simplified so that even a child can operate 
them. The present forms are the result of many years of evo- 
lution, from "tweeking of the Cat's Whisker" in the early days of 
crystal radio, to the two-handed operation required for separate 
tuning of radio frequency and detector stages in rf receivers, or 
tuning with sliding inductor coils. These all have evolved into 
the systems used today and have undergone considerable 
"human engineering." With the event of fully electronic con- 
trolled systems with calculator-type key boards, touch panels, 
remote control, etc., a similar evolution is taking place in tuning 
and display systems. 

The various controls and displays for TV or AM/FM receiver 
tuning, volume, brightness, etc., require either direct or indirect 
human interface (Figures 1 and 2). They can take many forms, 
from the old familiar knob system with dial readout that is 
controlled by a switch, potentiometer or variable capacitor, to a 
remote control keyboard system or touch-control panel. The 
latter requires electronic control of the major functions such as 



tuning and time readout. Processing and controlling these 
various functions separately, using hardware, is inefficient, 
inflexible and costly. The obvious solution is to incorporate a 
central processing unit within the receiver to process the hu- 
man interface controls, determine the function to be performed, 
and establish the manner in which the function is accomplished 
(Figure 3). Since different manufacturers have different receiv- 
er requirements, the central processing unit will differ from 
manufacturer to manufacturer, or even model to model. 



The F3870 low-cost one-chip microprocessor with 2K bytes of 
on-board ROM, a 64-bit scratchpad RAM, and 32 bits (four 8-bit 
bytes) of TTL-compatible input/output is an ideal candidate for 
a central processor. The F3870 requires no peripheral devices 
except a crystal and power supplies. Using this processor, the 
type of control operation is programmed into the ROM at the 
factory. With efficient software programming, two or three 
programs could be stored in the ROM so that the receiver 
manufacturer may offer the same chassis with different features 
and operations. 
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The microprocessor may also perform additional functions 
such as D/A conversion for actually controlling the circuits, 
tuning, volume, brightness, color, etc. It could be used as a time 
clock capable of being programmed to switch on the receiver at 
a given time and channel. The microprocessor may also act as a 
receiver section of a remote control system, ultrasonic or IR, to 
decode the signals for a particular function. However, special- 
ized chips are now available that perform the dedicated func- 
tions— PLL timing, D/A conversion, etc. — more efficiently than 
microprocessors, and work well under microprocessor com- 
mand. 

STANDARDIZED BUS SYSTEMS 

Fairchild adopted a standardized bus system (Figure 4) for 
microprocessor-controlled AM/FM and TV receivers. Using 
this system, AM/FM and TV models, from low end to the top of 



the line, may be built with almost every imaginable feature by 
simply adding the appropriate modular circuit onto the bus 
(Figures 5 and 6). Other circuits will be available shortly — an 8- 
channel 6-bit D/A converter, a time clock, and an on-screen 
character generator. Each modular chip will have built-in iden- 
tity code, which is something like a chip select but operates on 
data on the data bus. The identity code word is four bits; 
therefore, there are 16 possible combinations, but only 15 are 
available for use since one is reserved for when no chip is 
addressed. 

To address a particular chip on the data bus, the correct IDENT 
code is placed on the data bus and an IDENT clock on the 
control bus. The chip selected is initialized and reset, ready to 
accept data from the data bus. The DATA clock on the control 
bus clocks the information into the selected chip. The number 
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of words required to read a chip depends upon the particular 
chip function, and a DATA clock must be generated for each 
vy/ord. To disable the chip from the bus, the procedure is 
reversed. The wrong I DENT code is put in the data bus with an 
IDENT clock on the control bus. 

PLL TUNING 

It has long been realized that the ultimate tuning system is the 
phase-locked loop. However, it has not successfully penetrat- 
ed the consumer market, until recently, due to its stringent 
requirements — large complex logic, ability to perform at high 
frequencies, system partitioning, and specific system configur- 
ation. Simple PLL TV tuning systems accurately tuned to the 
FCC channel assignments; however, local problems such as 
antenna mismatch, IF misalignment, cable TV problems, etc^ 
were often present and required fine tuning or, more accurate- 
ly, detuning of the PLL system. Therefore, it was imperative to 
add the fine-tuning capability, inherent in the old turret tuners, 
to the PLL TV tuning system. This complicated the system and 
also required some kind of non-volatile memory for storing the 
fine-tuning information for each channel. 

Another problem in PLL TV tuning was how to control the TV 
receiver, especially in the method of entry from the calculator- 
board— whether one or two keys should be used, or an entry 
button, and whether the channel display should indicate which 
key has been depressed or indicate the channel on the screen. 

Now, with the addition of the microprocessor as a central 
control unit, the problems of the PLL TV tuning can be simpli- 
fied and the exact application can be determined by the TV or 
AM/FM manufacturer rather than by the semiconductor manu- 
facturer. 

BASIC PLL SYSTEMS 

A better, more descriptive name for the PLL would be "fre- 
quency, phase-locked loop" (Figure 7) because, for the loop to 
lock, the frequency must be adjusted first, then the phase. 



The output frequency of the VCO (a varactor local oscillator) is 
divided down by the divide-by-n counter and fed Into the 
frequency/phase detector where the frequency and phase are 
compared to a reference frequency. The frequency/phase de- 
tector output circuit has three modes^open circuit, or sup- 
plying a series of pump-up or pump-down pulse charges to 
the integrator/amplifier. The output of the integrator/amplifier 
supplies dc feedback control voltage to the VCO. When the 
loop is locked and operating at the desired frequency, the two 
frequencies fed i nto the frequency/phase detector are the same 
and of essentially the same phase. 

Under these conditions, the frequency/phase comparator sup- 
plies only sufficient charge to maintain loop lock. When the 
loop is not locked, the two frequencies at the input to the 
frequency/phase comparator differ. The frequency/phase de- 
tector supplies a charge of sufficient amplitude and direction to 
the integrator/amplifier to generate a voltage for driving the 
VCO to a frequency that will cause the loop to lock. Therefore, 
the output frequency of the PLL can be written as follows: 

fvco = nxfREF 

where n is always a whole integer. 

Changing the value of the divide-by-n counter changes the 
frequency. For example, a tuning system for tuning in 25 kHz 
increments requires a reference frequency of 25 kHz. 

Unfortunately, to build a programmable divide-by-n counterfor 
a PLL system that operates at the local oscillator frequencies of 
FM and TV receivers is impractical. Therefore, an ECL high- 
speed prescaler is inserted between the VCO and the pro- 
grammable divide-by-n counter to reduce the counter frequen- 
cy. A simple fixed prescaler (Figure 8) places too many com- 
promises on the PLL designer— long loop lock-up times or 
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restrictions on the timing increments— that generally result in 
too many loop or receiver problems. A superior approach is to 
use a dual-modulus prescaler, i.e., an ECL divider with two 
different divide ratios usually closely related, in a technique 
called "pulse swallowing." 

Pulse Swallowing 

Pulse swallowing Is a technique that combines the talent of a 
very fast, but dumb, ECL prescaler with that of a low speed, but 
very smart, counter. The best way to explain it is to divert, for the 
moment, from the field of electronics and enter the world of 
masonry. Suppose a universal brick were required for building 
walls of any length, within one inch, without breaking the brick. 
One way to do this would be to make one brick 10 inches long 
and another 11 inches. Using combinations of these two sizes 
of bricks, walls of any length (over 100") may be built (F/gL/re 9). 

Backtoelectronics— the dual-modulus prescaler (F/gi/re 10) is 
similar to the two different brick lengths. By controlling the 
dual-modulus prescaler appropriately, the incoming clock fre- 
quency pulses can be counted in two different "block lengths" 
(Figure 11). For high-frequency applications, pulse swallowing 
combines the advantages of-both the straightforward method 
(Figure 7) and the fixed modulus prescaler (Figure 8). It allows 
the highest possible reference frequency fREF and vastly re- 
duces the speed requirement of a programmable divide-by-n 
counter. The dual-modulus prescaler, when operating, appears 
to swallow pulses when changing between the two divide ratios 
of the prescaler— thus the name, "pulse swallowing." 

To keep track of how many times the prescaler operates in one 
of Its two modes (usually the higher), an extra counter, called ^ 
swallow counter, is added to the system. The swallow counter 
has only a small total divide ratio compared to that of the 
program counter. It differs from the program counter in that its 
Terminal-Count output is connected back to a Stop input and 
operates like a one-shot. This is called a dead-ended counter 
because it stops after reaching terminal count. 



The operation of the system for a total divide-by-n cycle is as 
follows. When the program counter reaches terminal count, it 
parallel loads both itself and the swallow counter with the 
desired divide ratios. The Terminal-Count output of the swal- 
low counter, which is also the prescaler Mode-Control input, 
then goes HIGH and both counters begin to count. Since the 
swallow counter is smaller, it reaches terminal count first and 
stops, causing the Mode-Control input to the prescaler to go 
LOW, changing the prescaler modulus. The program counter 
continues until reaching terminal count and the divide-by-n 
sequence is repeated. Therefore the program counter performs 
the coarse, or rough, tuning while the swallow counter handles 
the fine tuning. 

THE FAIRCHILD MICROPROCESSOR CONTROLLED 
PLL TUNING SYSTEM 

The Fairchild FEX2500 PLL circuit is made using CMOS metal- 
gate technology and is packaged in a 28-pin DIP, either plastic 
or ceramic. The primary features are: 

• Microprocessor addressable 

• Data-holding registers independent of input data, 
once addressed 

• Operates to 4 MHz 

• Operates to 1 GHz with appropriate prescaler 

• Fine tuning capability — 1 kHz AM band, 25 kHz FM band, 
62.5 kHz TV 

• Complete digital portion of PLL tuning system 

• On-board oscillator circuit for reference frequency 

• 4 MHz, 2 MHz and 1 MHz outputs that may be used for 
clock input to microprocessor or other circuits 

• Unique data-bus chip select system 

• Choice of 1 kHz, 5 kHz, 7.8125 kHz or 25 kHz reference 
frequency 

• Phase comparator incorporates patented anti-backlash 
circuit to reduce random FM modulation of the Vco 

• Out-of-lock output indicates out-of-lock condition of loop 

• Dual ratio program and swallow counters for extended loop 
frequency range 
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The FEX2500 contains all the essential digital components of 
an advanced PLL tuning system, requiring only an external 
tuner, integrator and a crystal to complete the entire loop. 



The PLL loop operates from 100 kHz to 4 MHz directly, and to 1 
GHz with the addition of an ECL prescaler. The system has fine 
tuning increments of 1 kHz for the AM band, 25 kHz for the FM 
band, and 62.5 kHz for TV and can be set lower with loop 
compromises. The user has a choice of 1 kHz, 5 kHz, 7.81 25 kHz 
or 25 kHz reference frequencies when used with a 4 MHz 
reference crystal. Once addressed to the desired tuning fre- 
quency, the PLL circuit can be operated independently of the 
microprocessor, since the PLL contains the necessary holding 
registers for data. To accommodate the 4 MHz input operating 
frequency and low propagation delays, it uses two power sup- 
plies, +12 V and 5 V. The +5 V supply is required to make the 
input and output circuits compatible with other +5 V logic 
circuits. Figure 12 shows the complete block diagram contain- 
ing both the program counter and swallow counter as well as a 
phase comparator, crystal oscillator, reference frequency di- 
vider, four 4-bit registers to store tuning information, plus 
additional circuits. 



Programs and Swallow Counters 

Clock Inputs 

The Clock input for the program and swallow counters can be 
selected for either a differential input or a single-ended input by 
using an Input Select pin (IS). For TV or FM radio applications, 
the differential input mode is generally used. The PLL differen- 
tial inputs are connected directly to the differential outputs of 
an ECL prescaler. This considerably reduces the amount of 
radiated digital-interference noise. Single-ended mode is in- 
tended for AM radio applications without the use of a prescaler. 
In AM/FM radio, the local oscillator is connected to the single- 
ended input while the differential inputs are connected to the 
ECL prescaler that derives input from the FM local oscillator. 
Loop change from AM to FM is accomplished with the IS 
control. The maximum frequency on both inputs is 4 MHz. 

Counter Configurations 

The counter has a total bit length of 16 bits, is sub-divided into 
two sections— a program counter and a swallow counter, and 
has two selectable configurations: 13 bits program/3 bits swal- 
low or 11 bits program/5 bits swallow. Counter-configuration 
control determines which bit lengths are selected according to 
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different divide ratios required in various applications. The 
maximum possible divide ratios are: 



MODE 



13/3 
11/5 



PROGRAM 



213 = 8192 
211 =2048 



SWALLOW 



23 : 
25: 



8 
32 



Both counters are dov\/n types; therefore, the divide ratio is the 
same as that of the binary load value. The load values for 
frequency or channel allocation are obtained from the micro- 
processor. Binary counters, rather than decimal counters, sim- 
plify chip design and minimize software programming prob- 
lems on the microprocessor. For low-frequency operation be- 
low 4 MHz, the swallow counter is not used and it is immaterial 
what data values are loaded into it. Figure 13 shows the data 
loading format. 

Frequency/Phase Comparator 

The frequency/phase comparator has a number of unique 
features, an anti-backlash circuit, an out-of-lock detector and 



an output disable circuit. The actual frequency/phase compar- 
ator is the standard digital type that locks onto the negative 
edges of the two waveforms, one from the program counter and 
the other from the reference-frequency divider (Figure 14). It 
can only lock onto the correct frequency with no output of the 
comparator at multiples of either of the two frequencies. 

Anti-Backlash Circuit 

The anti-backlash circuit eliminates the dead-zone problems 
due to propagation delays in other digital frequency/phase 
comparators. A narrow pulse (« 200 ns) is injected into the 
pump-down circuit to cause a loop error. The loop responds by 
making another pulse of equal and opposite magnitude to 
cancel out the error (Figure 15). Both pulses are arranged to be 
closely related in time so they can be easily filtered out by small 
filter capacitors. Therefore the net charge fed to the integrator 
by these pulses is zero. However, the injection of these pulses 
causes a slight phase error that operates the frequency-phase 
comparator outside the dead zone. The addition of this circuit 
considerably enhances the spectral output of the VCO, elimi- 
nating random low-frequency modulation caused by phase- 
comparator "hunting" in standard comparators. 
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Fig. 13 Bit Coordination Between Input Registers and Loop Counters 
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Out-of-Lock Detector (F/gfi/re 76) 

Tliis circuit is used to detect an out-of-lock condition, due to 
either a malfunction or a channel change. The indicator is also 
useful during initial loop set-up and test. It can also be used to 
mute the audio during channel changes, or it can be connected 
to an LED display for indication of loop malfunction. 

In operation, a window signal is decoded off the reference- 
frequency divider chain (Figure 17). When the loop is locked, 
the negative edge of the output waveform from the divide-by-n 
counter rests in the middle of the window. If it strays outside the 
window for two period reference cycles, a latch is set and an 
out-of-lock condition is indicated. 



Reference Frequency Divider and Oscillator Circuits 

The oscillator circuit consists of two high-gain CMOS inverter 
circuits in series plus the external components— crystal, trim- 
mer capacitor, resistor — connected between the input and 
output of the inverters. 

The reference frequency divider circuit is a straightforward 
counter with various outputs— 4 MHz, 2 MHz and 1 MHz 
—which may be used for the microprocessor clock. The refer- 
ence frequencies of 1 kHz, 5 kHz, 7.8125 kHz and 25 kHz are 
tapped off the divider chain through a 4-input multiplexer, that 
selects the reference frequency. 



Output Circuit 

The output circuit is designed to provide three output modes 
{Figure 78) — current sourcing (pump-up), current sinking 
(pump-down) or high impedance (open circuit). 

When the loop is locked, the output circuit is in the. high- 
Impedance state, except during the positive and negative anti- 
backlash pulse injection mentioned previously. 

Output Disable 

This control can be used to hold the loop on frequency while 
new frequency information is being loaded into the PLL regis- 
ters. When the output is disabled, the output from the frequency 
phase comparator is in the high impedance state. When a 
frequency change is initiated, new data is fed, relatively slowly, 
into the four registers, WXY2. During the loading of each 
register, the loop responds to the new data causing erroneous 
loop responses, unless the comparator output is disabled. 

When this output is disabled, the integrator tends to remember 
the last charge level, thus keeping the loop on or about 
frequency. 



Chip-Identity Circuit 

When the IDENT code (PLL Chip 0110) is present on the Data 
Bus input and an IDENT clock is generated, the scan counter is 
initialized. Data can now be entered into the first register W via 
the DATA clock, which then clocks the scan counter so the 
second register X is ready to accept data. This is repeated until 
the remainder of the registers are loaded. Data can be repeat- 
edly loaded into the registers using the DATA clock, but care 
must be exercised to keep track of which register is receiving 
data. To disable the Data Bus input to the PLL chip, a wrong 
IDENT code is put into the data bus and an IDENT clock gener- 
ated. The IDENT code circuit may be disabled by leaving the ID 
Enable input HIGH. 

Data Input Terminal 

Figure 13 shows the input data format for registers W X Y Z in 
both configurations of the counters. 

The generation of the input data for operating a PLL at given 
frequencies is worked out from the equation in Figure 10. The 
following example shows the procedure for establishing the 
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values and will help clarify the operation of the pulse swallow- 
ing system. 

Receiver -FM 88.1 to 107.9 MHz 
IF 10.7 MHz 

PLL Setup for 4 MHz Crystal Reference 

25 kHz Reference Frequency 

1. LOW Frequency = Receiver + IF 

= 88.1+10.7 
= 98.8 MHz 

2. Total Divide-by-n - LOW Frequency -?- Reference 

= 98.8 -J- 25 kHz 
= 3952 

3. To find PLL loading data: 

Program Counter = PC 
Swallow Counter = SW 

a. Find PC divide ratio (Coarse Tuni.ng) 

"Divide-by-n" divided by prescaler lower ratio 

3952^31 =127.48387 



The integer part of the number is the PC load divide ratio 

/. PC = 127 
b. Find SW divide ratio (Fine Tuning) 

Take the integer number from above and multiply by 
prescaler lower ratio: ||| 

127 X 31 =3939 

Subtract this number from Divide-by-n: 

3952-3937 = 15 

.-. SW=15 

This is the number of times the prescaler operates in the 
divide-by-32 mode. It is not necessary to work out subse- 
quent frequencies in the range, but merely Increment the 
values by the required amount. These numbers then have to 
be translated first into binary, then into hexadecimal data 
to fit the data loading format shown in Figure 13. 

PRESCALERS {Figure 19) 

Two prescaiers have been specially designed to operate with 

the FEX2500 PLL chip: 11C79 divide-by 31/32 (200 MHz) and 
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Fig. 20 Advanced AM/FM Radio Application 



1 1 C82 divide-by 248/25 (1 GHz). Other prescalers are available 
with a decrease in digital noise performance: 11C90 divide-by 
10/11 (600 MHz) and 11C91 divide-by 5/6 (600 MHz). 

The maximum operating frequency of PLL system is limited by 
the 4 MHz maximum frequency of PLL FEX2500. 

Example using 11C90 divide-by 10/11: 

= 4 MHzx 10 = 40 MHz 

AM/FM APPLICATIONS 

Figure 20 shows an advanced AM/FM radio with a single chip 
F3870 microprocessor and keyboard with an LED display read- 
out. It has manual or automatic search tuning and storage for a 
number of stations. It can tune on AM to 1 kHz increments and 
FM to 25 kHz. 

With the integrator circuit, the undesirable reference frequency 
modulation of the VCO frequency is: 



FM = 
AM = 



better than 50 dB at 25 kHz 
better than 45 dB at 1 kHz 



One exciting area for a PLL tuning system is a home AM/FM 
radio with short-wave bands. Low-cost short-wave receivers to 
date are generally difficult to tune but with the precise tuning of 
a PLL tuning circuit, this would change. 

If the radio had memory storage for a number of short-wave 
stations, people living in different lands could program in a 
Station from their own country. Most foreign countries radiate 
the same program material on a number of frequencies. Due to 
periodic sunspot activity, some frequencies are better than 
others; thus it is necessary to store a number of short-wave 
frequencies. Also, because of the ease of tuning, the short-wave 
broadcast bands could become acceptable for normal broad- 
cast frequencies. 

HISTORICAL NOTE ON PULSE SWALLOWING 

The pulse swallowing technique makes the whole PLL tuning 
system commercially feasible and acceptable in performance. 
It was the idea, or.invention, of John Nichols in about 1968-69 
time period when he worked for Fairchild. The work was done 
initially for 360-channel aircraft radio/transmitters. It was not 
until many years later that his brilliant idea became widely 
known. 



m 
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Microprocessor-Based Solar Controller 

Energy is being consumed today in greater quantities than 
ever; at the same time, yesterday's seemingly unlimited 
resources are now seen to be quite finite. As a result, 
energy conservation has assumed a new importance, and 
the search for alternative energy sources has begun in 
earnest. One of the more promising possibilities is harnes- 
sing the sun as a direct source of heat. 

The solar heating systems now being installed in homes, 
apartment complexes, and businesses contain heat collec- 
ting and storing devices from which resources are drawn 
during non- and low-sunlight periods. Although there are 
many types of such systems, the most common circulate 
water or some other liquid through solar heating panels, or 
collectors, during the day and store the heated fluid in 
tanks. When required, this fluid is pumped through radiators 
or radiant colls to provide area heating. To maintain comfort 
and mal<e the best use of the available energy, the user 
must continuously monitor the temperature of every area to 
be heated, as well as the temperatures of the collectors and 
the storage tanks. Valves must then be opened or closed 
and pumps turned on or off to maintain the desired relation- 
ship among the system components. A computerized ener- 
gy management system, or solar controller, can perform all 
of the monitor and control functions with optimum efficiency. 

A microprocessor-based solar controller designed by Fair- 
child for Rho Sigma, Inc., a major manufacturer of solar 
controls, is specifically Intended to accept the low voltages 
produced by thermistor temperature sensors, process and 
display the data, and provide outputs for relay and switch 
opening and closing. The solar controller contains a single- 
board FS"'^^ microprocessor, two Input and two output cards, 
an A/D converter control card, a display control card, two 
4K EPROM program storage cards, and a 1 K RAM and 
memory address card (figure 1). 

Also included in the unit are an A/D converter, a 5-diglt LED 
display, and a 16-key keyboard. The display automatically 
sequences through all input channels, displaying the num- 
ber and temperature of each channel for one second before 
cycling to the next. The keyboard can be used to halt this 
sequencing and either make the display continuously moni- 
tor only one channel or convert it to a clock-only display 
that shows time of day. 



Controller Operation 

The microprocessor is programmed to solve a set of logic/ 
arithmetic equations. These equations are contained in the 
EPROM program storage, with the associated constants be- 
ing held in the 1K RAM. The keyboard can be used to 
change a number of the equation constants, permitting 
system changes to be made without hardware modification. 

In normal operation, the A/D converter receives analog tem- 
perature information from as many as 16 thermistors and 
presents the converted data to the microprocessor. Digital 
data, such as that produced by switch closures and teletype 
signals, can be presented directly to the microprocessor 
through the 16 digital inputs of the input cards. These data 
are used to solve the system functional equations and pro- 
duce two types of microprocessor outputs. 

In the channel-monitor modes, temperature Information is 
output to the display in degrees Fahrenheit or Celsius, 
depending upon resident program. In the time-display 
mode, a timekeeping routine program assumes control of 
the display circuitry and the temperature Information is not 
provided. 

The other microprocessor output consists of control signals 
that are suitable for opening and closing relays and activat- 
ing solid state switches. These signals perform such func- 
tions as turning on pumps and opening valves to let water 
run into the storage tank or circulate through radiators. 

Since program storage is in ROM, power failure does not 
cause catastrophic loss of memory. When power Is restor- 
ed, a resetting sequence begins, with the controller ensur- 
ing that ail valves and controls are turned off so that stored 
energy is not lost. The controller then cycles through all of 
the inputs, decides what the system operating conditions 
should be, and generates the necessary output signals. This 
analysis takes approximately five seconds. To indicate to 
the user that power has been off, the display flashes until 
manually reset. 

Originally designed for use in solar heating applications, the 
intelligent microprocessor-based controller is applicable to 
any system in which the ability to deal with multiple sensor 
inputs and generate control outputs is required. 
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Fig. 1 Solar Controller Functional Block Diagram 
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Microprocessor Resource Center 

The Microprocessor Resource Center (MRC) organization 
was created to serve as yet another, technically oriented, 
Fairchlld customer link to a world-wide support structure 
that is concerned with all phases of the customer's require- 
ments. 

Every MRC is available to assist the customer in microproc- 
essor hardware and software development and application 
engineering, product definition, and long-term product 
strategies. Backed by Fairchild's expertise and extensive 
resources, the MRCIs a tool for solving current problems 
and planning for future needs. 

At each Center Is a microprocessor expert who is equally 
familiar with standard devices and those Fairchlld state-of- 
the-art products that are on the leading edge of technology. 
Because they understand the microprocessor market and 
development trends, these experts provide technical support 
and planning assistance that can benefit the customer 
through timely and cost-effective system design and 
implementation. 

As an added convenience, all Microprocessor Division devel- 
opment systems can be demonstrated at the MRCs. This 
affords the customer an opportunity to assess the perform- 
ance and applicability of products in an operational-type 
environment. 

Training on Fairchild's microprocessor products is available 
at either the customer or MRC location. This training, which 
is coordinated by the MRC manager, is performed in con- 
junction with the Microprocessor Division Education Center. 

Microprocessor Education Center 

Education plays a key role in the technical support of a 
microprocessor user. It is essential to a full understanding 
of the complexities, capabilities, and applications of 
modern processor products, and is therefore treated as an 
Important component of the Fairchlld Microprocessor 
Division customer support structure. 

The most recent advances In microprocessor technology 
are included In the Fairchlld Microprocessor Eduction 
Center courses, which feature a maximum amount of 
hands-on experience. Indeed, the major thrust of the 
training courses is to focus on the general techniques of 
microprocessor usage. This emphasis, it is felt, best pre- 
pares the student to apply the available design and develop- 
ment tools to specific applications in an efficient manner. 



The following Education Center course offerings are 
included. 

• F8 and F3870 Microprocessor Systems 

Intended to introduce the student to the Fairchlld F8 and 
F3870 microprocessor systems, this course provides 
basic knowledge of FB and F3870 hardware, software, 
applications, and development aids. Included are labora- 
tory sessions in which the student applies that knowl- 
edge in practical situations. Among the areas covered 
are device features and architecture, use of the various 
registers, machine and assembly language syntax, pro- 
gram writing and debugging, and hands-on use of the 
PEP387X and Formulator systems. 

• F6800 Microprocessor Family 

This course provides the student basic knowledge of 
Fairchlld F6800 8-bit microprocessor family hardware, 
software, applications, and development aids. Included 
are laboratory sessions in which the student applies that 
knowledge in practical situations. Among the areas cov- 
ered are device features and architecture, register organ- 
ization and use, system configurations, program writing 
and debugging, and hands-on use of the various training 
and development aids. 

• F9445 Family introduction 

This course is an overview of the Fairchild F9445 16-blt 
microprocessor and its supporting circuits. Consisting of 
both lecture and laboratory sessions, with emphasis on 
hands-on experience, the course covers such areas as 
F9445 CPU and system timing, software, device features 
and architecture, and use of the FS-I and EMUTRAC 
development aids. 

• F16000 Family Introduction 

Introducing the student to the Fairchlld F16000 16-bit 
microprocessor family, this course Is an overview that 
consists of both lecture and laboratory sessions. Empha- 
sizing hands-on experience in the laboratory, the course 
covers such areas as device features and architecture, 
CPU and system timing, principles of memory manage- 
ment and virtual memory, floating point arithmetic, and 
familiarization with design aids. 

• FS-I Development System 

This course Introduces the student to the Fairchlld 
System-! (FS-I) development system, emphasizing hands- 
on experience. Included is coverage of operating system 
usage, utility software usage, high-level languages and 
their associated compilers and interpreters, and the 
EMUTRAC emulation and tracking system. 
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• Microprocessor Control and Interface 

This course is intended to introduce the student to the 
principles and techniques of microprocessor control and 
Interfacing. Opportunity Is provided for hands-on experi- 
mentation with a mini-development system. Included In 
the course are a review of microprocessor fundamentals, 
transducer types and applicability, conversion tech- 
niques, and parallel and serial formats. 

• Pascal for Microprocessors 

An introduction to the high-level Pascal language, this 
course teaches the student the skills required to produce 
software in Pascal for many practical applications. In- 
cluding real-time computing, scientific and engineering- 
type problem solving, and data processing. 
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FAIRCHILD 

A Schlumberger Company 



Sales 
Offices 



United States and 
Canada 



Alabama 

Huntsville Office 
500 Wynn Drive, Suite 511 
Huntsville, Alabama 35805 
Tel: 205-837-8960 

Arizona 

Phoenix Office 

2255 West Northern Road, Suite B112 

Phoenix, Arizona 85021 

Tel: 602-864-1000 TWX: 910-951-1544 



Indiana 

Ft. Wayne Office 

2118 Inwood Drive, Suite 111 

Ft. Wayne, Indiana 46815 

Tel: 219-483-6453 TWX: 810-332-1507 

Indianapolis Office 

7202 N. Shadeland, Room 205 

Castle Pomt 

Indianapolis, Indiana 46250 

Tel: 317-849-5412 TWX: 810-260-1793 



North Carolina 

Raleigh Office 

1100 Navaho Drive, Suite 112 
Raleigh, North Carolina 27609 
Tel: 919-876-9643 

Ohio 

Dayton Office 

5045 North Mam Street, Suite 105 

Dayton, Ohio 45414 

Tel: 513-278-8278 TWX: 810-459-1803 



California 

Los Angeles Office* 

Crocker Bank BIdg. 

15760 Ventura Blvd., Suite 1027 

Encino, California 91436 

Tel: 213-990-9800 TWX: 910-495-1776 

San Diego Office* 

7867 Convoy Court, Suite 312 

San Diego, California 92111 

Tel: 714-279-7961 TWX: 910-335-1512 

Santa Ana Office* 

1570 Brookhollow Drive, Suite 206 

Santa Ana, California 92705 

Tel: 714-557-7350 TWX; 910-595-1109 

Santa Clara Office* 

3333 Bowers Avenue, Suite 299 

Santa Clara, California 95051 

Tel: 408-987-9530 TWX: 910-338-0241 

Colorado 

Denver Office 

7200 East Hampden Avenue, Suite 206 

Denver, Colorado 80224 

Tel: 303-758-7924 

Connecticut 

Danbury Office 
57 North Street, #206 
Danbury, Connecticut 06810 
Tel: 203-744-4010 

Florida 

Ft. Lauderdale Office 

Executive Plaza, Suite 112 

1001 Northwest 62nd Street 

Ft. Lauderdale, Florida 33309 

Tel: 305-771-0320 TWX: 510-955-4098 

Orlando Office* 

Crane's Roost Office Park 

399 Whooping Loop 

Altamonte Springs, Florida 32701 

Tel: 305-834-7000 TWX: 810-850-0152 

Georgia 

Atlanta Sales Office 
Interchange Park, BIdg. 2 
4183 N.E. Expressway 
Atlanta, Georgia 30340 
Tel: 404-939-7683 

Illinois 

Itasca Office 

500 Park Blvd., Suite 575 
Itasca, Illinois 60143 
Tel: 312-773-3300 



Kansas 

Kansas City Office 
8600 West 110th Street, Suite 209 
Overland Park, Kansas 66210 
Tel: 913-649-3974 

Maryland 

Columbia Office 

1000 Century Plaza, Suite 225 

Columbia, Maryland 21044 

Tel: 301-730-1510 TWX: 710-826-9654 

Massachusetts 

Framingham Office 

5 Speen Street 

Framingham, Massachusetts 01701 

Tel: 617-872-4900 TWX: 710-380-0599 

Michigan 

Detroit Office* 
21999 Farmington Road 
Farmington Hills, Michigan 48024 
Tel: 313-478-7400 TWX: 810-242-2973 

Minnesota 

Minneapolis Office* 

4570 West 77th Street, Room 356 

Minneapolis, Minnesota 55435 

Tel: 612-835-3322 TWX: 910-576-2944 

New Jersey 

New Jersey Office 
Vreeland Plaza 
41 Vreeland Avenue 
Totowa, New Jersey 07511 
Tel: 201-256-9006 

New Mexico 

Albuquerque Office 

North Building 

2900 Louisiana N.E. South G2 

Albuquerque, New Mexico 87110 

Tel: 505-884-5601 TWX: 910-379-6435 

New York 

Fairport Office 
815 Ayrault Road 
Fairport, New York 14450 
Tel: 716-223-7700 

Melville Office 

275 Broadhollow Road, Suite 219 

Melville, New York 11747 

Tel: 516-293-2900 TWX: 510-224-6480 

Poughkeepsie Office 

19 Davis Avenue 

Poughkeepsie, New York 12603 

Tel: 914-473-5730 TWX: 510-248-0030 



Oldahoma 

Tulsa Office 

9810 East 42nd Street, Suite 127 

Tulsa, Oklahoma 74145 

Tel: 918-627-1591 

Oregon 

Portland Office 

8285 S.W. Nimbus Avenue, Suite 138 

Beaverton, Oregon 97005 

Tel: 503-641-7871 TWX: 910-467-7842 

Pennsylvania 

Philadelphia Office* 

2500 Office Center 

2500 Maryland Road 

Willow Grove, Pennsylvania 19090 

Tel: 215-657-2711 

Tennessee 

Knoxville Office 

Executive Square II 

9051 Executive Park Drive, Suite 502 

Knoxville, Tennessee 37923 

Tel: 615-691-4011 

Texas 

Austin Office 

9027 North Gate Blvd., Suite 124 

Austin, Texas 78758 

Tel: 512-837-8931 

Dallas Office 

1702 North Collins Street, Suite 101 

Richardson, Texas 75081 

Tel: 214-234-3391 TWX: 910-867-4757 

Houston Office 

9896 Bissonnet-2,, Suite 470 

Houston, Texas 77036 

Tel: 713-771-3547 TWX: 910-881-8278 

Canada 

Toronto Regional Office 
2375 Steeles Avenue West, Suite 203 
Downsview. Ontario M3J 3A8, Canada 
Tel: 416-665-5903 TWX: 610-491-1283 
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F/KIRCHIL.D 



A Schlumberger Company 



Sales 
Offices 



International 



Australia 

Fairchild Australia Pty Ltd. 
Branch Office Third Floor 
F.A.I. Insurance Building 
619 Pacific Highway 
St. Leonards 2065 
New South Wales, Australia 
Tel: ^021-439-5911 
Telex: AA20053 

Austria and Eastern Europe 

Fairchild Electronics 
A-1010 Wien 
Schwedenplatz 2 
Tel: 0222 635821 Telex: 75096 

Benelux 

Fairchild Semiconductor 

Ruysdaelbaan 35 

5613 Dx Eindhoven 

The Netherlands 

Tel: 00-31-40-446909 Telex: 00-1451024 

Brazil 

Fairchild Semiconductores Ltda. 

Caixa Postal 30407 

Rua Alagoas. 663 

01242 Sao Paulo, Brazil 

Tel: 66-9092 Telex: 011-23831 

Cable: FAIRLEC 

France 

Fairchild Camera & Instrument S.A. 

121, Avenue d'ltalie 

75013 Paris, France 

Tel: 331-584-55 66 

Telex: 0042 200614 or 260937 

Germany 

Fairchild Camera and Instrument GmBH 

Daimlerstrasse 15 

8046 Garching Hochbruck 

Munich, Germany 

Tel: 1 089 1 320031 Telex: 52 4831 fair d 

Fairchild Camera and Instrument GmBH 

Oeltzenstrasse 15 

3000 Hannover 

W. Germany 

Tel: 0511 17844 Telex: 09 22922 

Fairchild Camera and Instrument GmBH 

Poststrasse 37 

7251 Leonberg 

W. Germany 

Tel: 07152 41026 Telex: 07 245711 



Hong Kong 

Fairchild Semiconductor I HK Ltd. 

135 Hoi Bun Road 

Kwun Tong 

Kowloon, Hong Kong 

Tel: 3-440233 and 3-890271 

Telex: HKG-531 

Italy 

Fairchild Semiconducttori, S.P.A. 

Via Flamenia Vecchia 653 

00191 Roma, Italy 

Tel: 06 327 4006 Telex: 63046 FAIR ROM' 

Fairchild Semiconducttori S.P.A. 

Viale Corsica 7 

20133 Milano, Italy 

Tel: 296001-5 Telex: 843-330522 

Japan 

Fairchild Japan Corporation 
Pola BIdg. 
1-15-21, Shibuva 
Shibuya-Ku, Tokyo 150, Japan 
Tel: 03 400 8351 Telex: 242173 

Fairchild Japan Corporation 
Yotsubashi Chuo BIdg. 
1-4-26, Shinmachi 
Nishi-Ku, Osaka 550, Japan 
Tel: 06-541-6138/9 

Korea 

Fairchild Semikor Ltd. 

K2 219-6 Gari Bong Dong 

Young Dung Po-Ku 

Seoul 150-06, Korea 

Tel: 85-0067 Telex: FAIRKOR 22705 

I mailing address' 
Central P.O. Box 2806 

Mexico 

Fairchild Mexicana S.A. 

Blvd. Adolofo Lopez Mateos No. 163 

Mexico 19, D.F. 

Tel: 905-563-5411 Telex: 017-71-038 



Scandinavia 

Fairchild Semiconductor AB 

Svartengsgatan 6 

S-11620 Stockholm 

Sweden 

Tel: 8-449255 Telex: 17759 

Singapore 

Fairchild Semiconductor Pty. Ltd. 

No. 11, Lorong 3 

Toa Payoh 

Singapore 12 

Tel: 531-066 Telex: FAIRSIN-RS 21376 

Taiwan 

Fairchild Semiconductor Ltd. 
Hsietsu BIdg., Room 502 
47 Chung Shan North Road 
Sec. 3 Taipei, Taiwan 
Tel: 573205 thru 573207 

United Kingdom 

Fairchild Camera and Instrument Ltd. 

Semiconductor Division 

230 High Street 

Potters Bar 

Hertfordshire EN6 5BU 

England 

Tel: 0707 51111 Telex: 262835 

Fairchild Semiconductor Ltd. 

17 Victoria Street 

Craigshill 

Livingston 

West Lothian, Scotland -EH54 5BG 

Tel: Livingston 0506 32891 Telex: 72629 

GEC-Fairchild Ltd. 

Chester High Road 

Neston 

South Wirral L64 3UE 

Cheshire, England 

Tel: 051-336-3975 Telex: 629701 
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Falrehild reserves the right to make changes in the circuitry or 
specifications at any time without notice. Manufactured under one of 
the following U.S. Patents 2981877. 3015048. 3064167. 3108359. 3117260; 
other patents pending. Fairchild cannot assume responsibility for use of 
any circuitry described other than circuitry embodied in a Fairchild 
proauct. No other circuit patent licenses are implied 
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